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ABSTRACT
The Effect of Erosion Control Structures on the Distrihution of Selected Nutrients 
and Metals in the Sediments of the Salt River, Arizona
by
Alan Christopher Williams
Dr. Charalambos Papelis, Examination Committee Chair 
Water Resources Management Program 
University of Nevada, Las Vegas
The Salt River travels through the urban areas of Maricopa County and its flows are 
fed primarily by treated wastewater, shallow groundwater, urban runoff, industrial 
effluent, agricultural runoff, and storm water runoff before merging with the Gila River 
and eventually the Colorado River. The population growth in Maricopa County has 
influenced the flows of the Salt River for more than a century. The past century has seen 
major flooding in the valley and the construction of erosion control structures has been 
part of an effort to reduce damages due to flood events. These structures affect the flow 
of sediment through the Salt River and may affect the distribution of potential 
contaminants in a way that can negatively impact plant and animal life.
The chemical constituents examined in this study are arsenic, boron, selenium, and 
phosphorus. Sediment samples were collected from above and below each of the erosion 
control structures and at other sites within the urban areas of the river using appropriate 
sampling techniques to obtain representative samples. Physicochemical characterization
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of the samples, including particle size distribution, specific surface area analysis, particle 
morphology, and mineralogy, was performed. Previous studies in the Las Vegas Wash 
have indicated that arsenic, boron, phosphorus and selenium are elements of concern in 
urban watersheds and were extracted from the sediments and analyzed to determine 
concentrations. The physical characteristics of the samples were compared to elemental 
concentrations in order to determine the relationship between those characteristics and 
the concentration and distribution of the elements of concern. In addition, elemental 
concentrations were compared to the location of the samples in the Salt River to 
determine how the erosion and other control structures might affect elemental 
distribution. The results show that samples located immediately downstream of erosion 
control structures and that have an above average surface area are more likely to have 
higher than average concentrations of arsenic, boron, and phosphorus. This study shows 
the significance of detailed sediment characterization in the interpretation of elemental 
distribution trends in the Salt River and other similar systems in the arid Southwest. 
Methods used in this study will be useful in future studies in the Salt River and in other 
urban watersheds in arid and semi-arid regions.
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CHAPTER 1 
INTRODUCTION
Throughout the arid and semi-arid regions of the world, population expansion and 
growing dependence on water brings changes to human environments. Efforts to better 
manage and control water in arid and semi-arid environments, have also affected plant 
and animal life. The Salt River in Phoenix, Arizona, like many other urban rivers, has 
seen dramatic changes since the first human settlers inhabited the area. These changes 
allow continual access to water, protect against flooding, and prevent sediment-transport- 
related impacts.
Managing the Salt River to provide for human, plant, and animal life is complicated 
because all of the factors of a dynamic system aren’t completely understood. Hydrologie 
data from the Salt River are extensive but little data on sediment characteristics in 
relation to constituents of concern is available. The project described in this document 
investigates the effect of erosion control structures on the distribution of arsenic, boron, 
phosphorus, and selenium, which are constituents of concern in other urban watersheds, 
and specifically how the characteristics of sediments present in the Salt River correlate 
with concentrations of these constituents (Papelis 2004; Benner and Papelis 2005). In 
addition, the results from this study will be important for the management of the Salt 
River but may correlate to other watersheds and aid in the management of those as well.
The Salt River (Figure 1) is a fragile and essential element to life in Maricopa County, 
Arizona. Settlers have depended on the Salt River since 700 A.D. when the Hohokan 
Indians first inhabited the valley until 1400 (Barney et al. 1962). During their time in the 
valley they built over 135 miles of canals and established a great agricultural civilization. 
After 700 years they vanished. One probable cause was an extended drought (Barney et 
al. 1962). More than 300 years later the first white settlers came to the valley.
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Figure 1. The Salt River and study area.
Prior to settlers coming to the valley in the 19* century, the Salt River flowed 
uninterrupted, eventually joining with the Colorado River. In the 1880s early settlers built 
canals and in 1906 workers completed the Granite Reef Dam, thus controlling the natural 
flow of the river (Barney et al. 1962). By 1928, three more dams were constructed within 
the reaches of the Salt River, further controlling natural flow. Since 1928, more dams and 
hundreds of miles of canals have been constructed in and around the Salt River.
hi 1903 concerned citizens formed the Salt River Valley Water Users Association
which later became the Salt River Project (SRP) (Barney et al. 1962). By the 1950s the 
urban use of water had become greater than agricultural use of water and in the 1990s the 
SRP provided water to over 3.5 million people in the Phoenix area. Because of the need 
for water and flood control, the SRP has greatly modified the Salt River in building dams, 
and constructing canals and erosion control structures.
The river today is composed of runoff from the Phoenix metropolitan area, storm 
events, and excess water from water treatment, agriculture, and industrial sources (Stuart 
2007). Modification of the channel currently consists of Tempe Town Lake (a manmade 
lake formed by a balloon dam), superfund sites, industrial water use, multiple river 
corridor restoration projects, and sand and gravel operations, all of which occupy more 
than 70% of banks in the urban Salt River areas, in addition to regular municipal water 
use (Graf 2000; Roberge 2002).
Sediment movement within the Salt River is inhibited by the presence of erosion 
control structures within the city limits. Erosion control structures primary function is to 
decrease the amount of sediment that can be carried downstream by decreasing flow 
velocity and correspondingly the quantity of particles carried in the water column past the 
structure. As water approaches erosion control structures, flow velocity decreases and the 
deposition of particles occurs. Particle deposition is due primarily to dimension, shape, 
specific gravity of particles, and the specific gravity of water which are all affected by 
particle composition and temperature (Twenhofel 1950). The larger and heavier particles 
settle first due primarily to gravity. The rates of deposition for particles smaller than fine 
sand (<0.25mm) are influenced by all the previously mentioned factors, and can be 
calculated by Stokes equation. As the flow rate slows the time available for particles to be
deposited increases and the size of particle that can potentially be deposited decreases. 
Each erosion control structure has a different retention time which is based on retention 
volume and the current flow rates. The size of particles that will settle before and after an 
erosion control structure therefore depends on current flow rates and the individual 
erosion control structure. As flow rates slow the largest volume of sediments tend to be 
deposited above erosion control structures. If sediments are allowed to pass with out 
settling from the water column then this would potentially lead to the increase of 
sediment overall further downstream in the river.
Constituents of concern may sorb to sediments before and after deposition. Sediments 
are made up of generally finer particles, with higher surface areas, making deposited 
sediments an area of potentially high concentrations of constituents of concern. If erosion 
control structures in a river or watershed affect the distribution of metals and nutrients 
and cause high concentrations to be deposited in certain places, then specific areas of 
elevated concentrations can occur and may be of concern for human safety and 
environmental health. Understanding if the distribution of metals and nutrients are 
affected by the presence of grade control structures is an essential factor to understand 
and consider in managing a watershed. Previous studies conducted in the Las Vegas Wash 
area have found arsenic, boron, phosphorus, and selenium in concentrations at levels of 
concern (Papelis 2004; Benner and Papelis 2005). As mentioned previously, this study 
was undertaken to determine if these constituents are at levels of concern in the urban 
areas of the Salt River and if there is a correlation of concentrations of the constituents 
and sediment characteristics.
Research Objectives
The main objective is to examine the question of how erosion control structures affect 
the nutrient cycling and metalloid distribution in the Salt River, Maricopa County, 
Phoenix, Arizona, to compare these results to previously obtained data from the similar 
Las Vegas Wash study, and to determine the applicability of these sampling and analytical 
techniques for other watersheds. The following were specific tasks:
• To collect sediment samples before and after erosion control structures and at 
other control sites.
• To characterize each sediment sample by surface area, pore size distribution, 
particle size distribution, mineralogy, sediment composition, and morphology 
analysis.
• To perform and analyze total extractions for arsenic, boron, phosphorus, and 
selenium.
• To perform and analyze sequential extractions for arsenic and selenium including 
the exchangeable, carbonate, reducible, amorphous iron oxide, crystalline iron 
oxide, and organic matter fractions.
• To perform statistical analysis for correlations between sediment and constituent 
concentrations, erosion control structures and constituent concentrations, and 
between sediment deposition and erosion control structures.
Hypotheses
These objectives were to test the following hypotheses. It was hypothesized that:
1. Arsenic, boron, phosphorus, and selenium concentrations will be higher upstream 
of the actual structures, this is expected because by the law of gravity and stokes 
law heavier particles will settle out first resulting in the majority of the sediment 
volume and the area available for bonding constituents settling before the 
structure rather than after resulting in higher concentrations of arsenic, boron, 
phosphorus and selenium in samples collected before the actual structure.
2. Concentrations of arsenic, boron, phosphorus, and selenium will increase as water 
moves down stream because the total mass of these cons^tituents available will 
increase in the downstream direction, as additional sources of water carrying 
constituents are input into the river; when water does flow the entire length of the 
channel it will carry constituents in both the aqueous and sediment phase 
downstream.
3. Concentrations of arsenic, boron, phosphorus, and selenium will correlate with 
sediment characteristics present at each sample site, specifically to sediment 
surface area and mineralogy, because physicochemical characteristics are the 
primary factors determining what types and concentrations of constituents will be 
able to bond to individual sediments.
4. Arsenic, boron, phosphorus, and selenium deposition patterns will be consistent 
with results from the Las Vegas Wash study, because despite different background 
geology, and river characteristics, erosion control structures will affect function 
similarly in both the Las Vegas Wash and the Salt River having similar effects on 
the distribution of sediments and the constituents connected to them.
Thesis Organization
Chapter One includes the introduction to this study, the research area in which it takes 
place, and the objectives and hypotheses. Chapter Two includes past studies, information 
about the Salt River,, erosion control structures, sample sites, and the constituents of 
concern. Chapter Three outlines methods used for identification of sample locations, 
sample collection, physicochemical characterizations of sediments, element extractions 
from sediment and statistical analysis of resulting data. Chapter Four contains the results 
and discussion section for the results of the physiochemical characterization of the actual 
sediments, and the extraction and analysis of the elements from the sediments. Chapter 
Five presents the conclusions from this study.
CHAPTER 2
BACKGROUND INFORMATION 
Prior Studies
A literature review was performed to find sediment or water quality data for arsenic, 
boron, phosphorus, and selenium from areas surrounding the Salt River in the Maricopa 
County, Arizona area. Water quality data were also retrieved from the U.S. Geological 
Survey (USGS) National Water Information System (NWIS) website for the Salt River 
Near Coon Bluff station (#333300111385701), the Salt River at Alma School Road 
station (#09512060), the Salt River at 35* Avenue station (#09512405), the Salt River at 
35* Avenue station (#332333112080301), the Salt River at 27* Avenue station 
(#09512403), and the Salt River at 24* Street station (#09512190). NWIS data include 
both surface water and sediment data for concentrations of arsenic, boron, phosphorus, 
and selenium.
Bakeret al. (1998) attempted to quantify major sources and sinks of arsenic in the 
upper Salt River. This study was in response to the proposed réévaluation of the arsenic 
water quality standard. In 1996 0.1% of the Arizona population is served by community 
water systems (CWSs) that exceed the current maximum contaminant level (MCE) of 50 
pg/L, but 13% of the population is served by CWSs that have average arsenic 
concentrations higher than 10 pg/L. Bakeret al. (1998) discovered an arsenic rich
lacustrine deposit that made up only 4% of the watershed but a third of the total 
watershed arsenic loading. Arsenic export rates from areas with these deposits are 
reported at 10-20 times higher than other sources of arsenic. Results from this study 
indicate that arsenic is an element of concern with naturally occurring levels being higher 
than MCL.
Gooch et al. (2007) in a study of the SRP’s conversion of agricultural to urban water 
use found arsenic to be an urban surface water quality issue. Arsenic was found in some 
cases to be higher than the current 10 parts per billion (ppb) MCL set by the U.S. 
Environmental Protection Agency (EPA).
Only one study was found that considered groundwater quality in relation to the same 
constituents being considered in this study. Edmonds and Gellenbeck (2002) discussed 
the groundwater quality in the west Salt River Valley relating to hydrogeology, water use, 
and land use from 1996 to 1998. Their study determined current groundwater quality and 
the effects of land use on groundwater quality by sampling wells in agricultural, urban, 
and undeveloped areas. They analyzed water samples from thirty-five wells and analyzed 
for a variety of parameters, including arsenic and selenium. Arsenic was found in all 
water samples; it was above the 50 pg/L EPA MCL for drinking water in two wells. 
Arsenic in 49 percent of sampled wells exceeded the proposed 5 pg/L MCL. The highest 
concentration of arsenic in the water samples was 81 pg/L. Selenium was found in only 
13 of 35 samples. The highest concentration of selenium in the water samples was 16 
pg/L, well below the 50 pg/L MCL. Edmonds and Gellenbeck (2002) believe 
concentrations of both arsenic and selenium in this study are similar to expected 
background levels resulting from geologic sources in the area. High levels of arsenic
concentrations seen in the Edmonds and Gellenbeck (2002) study correlate to known 
higher natural levels of arsenic seen in water in the Salt River.
Parker and Possum (2000) in a study of the issues related to the management of urban 
sediments argue that urban sediments bring different environmental issues than urban 
storm water. Sediments deposited in streambedsand remain over time accumulating and 
create environmental hazards with high concentrations of constituents of concern or can 
be a future threat to environments if they are abruptly released into storm water flows by 
human action or flooding. They collected sediment samples from storm water 
management areas and found that arsenic concentrations were on average 6 pg/g. They 
found these levels to reflect geologic factors rather then anthropogenic sources.
Papelis (2004) conducted a study in the Las Vegas Wash (Wash) as part of a 
bioassessment for the Southern Nevada Water Authority (SNWA), to determine baseline 
conditions for constituents in the sediments along the Wash. Samples were collected from 
four different sites and analyzed for a variety of organic and inorganic contaminants. 
Comparison of the concentrations for each of the constituents to published soil protection 
values (SPVs) determined that arsenic, boron, and selenium concentrations were near the 
published SPVs levels of concern. The concentration of these elements generally 
increased in the downstream direction, toward Las Vegas Bay.
Benner and Papelis (2005) conducted a second project to “to demonstrate a method of 
sediment sampling and analysis that can be used to easily quantify the role of sediment 
transport and retention in the fate of phosphorus in the Las Vegas Wash.” No clear trends 
in the phosphorus concentration with distance along the Wash and no correlation between 
sediment concentrations of phosphorus upstream vs. downstream of grade control
structures were seen. They did find three of the highest concentrations of phosphorus 
directly downstream from wastewater treatment facility discharge points, suggesting that 
treated wastewater inputs may be partially responsible for the phosphorus concentrations 
found in the sediment. Concentrations of phosphorus were high immediately downstream 
of the treatment plants, but the sediment concentrations did not significantly increase 
further downstream, potentially indicating a quick aqueous-sediment transfer within a 
limited spatial extent. The four lowest concentrations of phosphorus were found in areas 
recently disrupted by rechannelization suggesting that phosphorus may be accumulating 
in the sediments over time.
From the studies described in this section it is apparent that there is very little 
information about sediment concentrations of arsenic, boron, phosphorus, and selenium 
in the Salt River. In the projects that report sediment concentrations, the sediment 
samples were not characterized (Parker and Possum 2000). Correlating the sediment 
characteristics of surface area, pore site distribution, mineralogy, and composition and 
morphology, with the elemental concentrations is important to give the concentration data 
context and relevance to future studies and decision making in the Salt River and to other 
similar watersheds.
The Salt River
According to the Arizona Department of Water Resources (ADWR 2008) the Salt 
River drains 14,500 square miles and is the largest tributary of the Gila River, which 
ultimately drains into the Colorado River. The Salt River and the Gila River are the two 
primary drainage rivers for the urban areas of Maricopa County. Tributaries to the Salt
10
River include the White, Black, and Verde Rivers. These tributaries carry storm runoff, 
groundwater emergence, snow melt, and some urban runoff. In the urban area of the Salt 
River, other contributing components to surface water flows are urban runoff, agricultural 
runoff, groundwater emergence, water flowing from Tempe Town Lake, and other river 
corridor restoration projects, industrial effluent, and treated wastewater effluent. The 
upper Salt River is impounded and directed by five dams. The Salt River is a perennial 
stream up to Granite Reef Dam, the furthest downstream of the five dams. Water flow 
from the Granite Reef Dam is regulated for municipal, industrial, and agricultural 
purposes, and has been since 1906. The general types of land use in the area around the 
Salt River are illustrated by Figure 2 which comes from the Central Arizona - Phoenix 
Long-Term Ecological Research Land Use Phase One Report.
Central Arizona Phoenix Historic Land Use -1 9 9 5
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Figure 2. Central Arizona Phoenix Historical Land Use in 1995.
Because of the regulation of the upper Salt River’s perennial stream flow, surface
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water flow in the urban areas of the Salt River only exists as a result of rare excess upper 
river perennial flow, urban runoff, agricultural runoff, groundwater emergence, water 
flowing from Tempe Town Lake and other river corridor restoration projects, industrial 
effluent, and treated wastewater effluent, as mentioned above. Because of the irregular 
inputs to surface water flow in the urban areas of the Salt River no information is 
available stating what amounts of flow each type inputs into the river. Also, because of 
irregular water inputs the Salt River doesn’t experience regular water flow through its 
entire length or continually throughout the year. Sample sites in this study aren’t 
continually interconnected by regular water flow. This will be an important factor in the 
distribution of nutrients and metals in the Salt River.
The average flow rate for the Salt River at the 5 L* Street gage station maintained by 
the USGS NWIS ranges from 0 cfs to 10 cfs, with an average flow rate of 5 cfs the days 
the samples in this study were collected. The maximum flow rate of 12 cfs was not 
exceeded for 15 months prior to the collection of samples in this study. Flow events up to 
1000 cfs are sometimes reached each year and major flood events with flow rates up to 
22,000 cfs and higher have occurred eleven times in the last 7 years (these events 
occurred primarily during January and February of 2006) according to the USGS NWIS. 
During flow events up to 1000 cfs and higher it is likely that the entire urban section of 
the Salt River may be connected by water flow for at least a short period of time.
Erosion Control Structures
With several severe flooding events in recent history and the potential of future severe 
flooding events resulting from intense storm events, several erosion control structures
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were constructed in the Salt River. These structures were constructed to help stabilize the 
Salt River’s ecological structure and to help prevent the destruction of bridges, which are 
essential for the transportation needs of people and businesses in Maricopa County. At the 
time of the sampling trip for this project, four weirs were accessible in the Salt River for 
sampling; Table 1 lists each weir and their date of completion. All four weirs are 
permanent rolled concrete structures and capable of withstanding large storm events.
Table 1. List of erosion control structures and date completed
Weir Name Completion Date
McClintock Bridge 2000
24* Street 2004
19* Avenue 2000
Avondale Bridge Not Available
The McClintock weir is located the furthest upstream in the Salt River (Figure 3). It 
is located just downstream of the McClintock Bridge, and just above Tempe Town Lake. 
The completion date of this weir was 2000. Its width spans the entire regular and low 
flow area of the Salt River and is 410 feet wide. It has a retention time under normal 10 
cfs flows of approximately 2.5 days.
The 24* Street weir is downstream of the McClintock weir (Figure 4). It is adjacent to 
several sand and gravel operations. This weir was completed in 2004 by the Army Corps 
of Engineers. Its width spans the entire regular and low flow area of the Salt River and is 
168 feet wide. It has a retention time under normal 10 cfs flows of approximately 4.2 
hours.
The 19* Avenue weir is located downstream of the 24* Street weir (Figure 5). It is
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adjacent to sand and gravel operations as well as in proximity to a landfill. This weir was 
constructed by the city of Phoenix in relation to the 19* Avenue Landfill Bank Protection 
project and was completed in 2000. Its width spans the entire regular and low flow areas 
of the Salt River and is 205 feet wide. It has a retention time under normal 10 cfs flows of 
approximately 9 hours.
The Avondale weir is the furthest downstream weir that was sampled (Figure 6). It is 
located upstream from the Avondale Bridge. It is a confined rock and gravel structure that 
was compacted with a road built on top. It is designed to slow water flow by acting as a 
shallow dam before water passes under the road and over the erosion control structure. 
The road constructed on top of the erosion control structure serves as an access point for 
recreation. The construction and completion date of this weir is not known. Its width 
spans the entire regular and low flow areas of the Salt River and is 245 feet wide. It has a 
retention time under normal 10 cfs flows of approximately 3.8 days.
Knowing the construction date of three of the four weirs we know that sediments 
present around those three weirs have been deposited in the last eight years. The 
construction date of the Avondale weir isn’t known, and it cannot be assumed that the 
sediment deposited around this weir is similar to the other three weirs. Additionally, the 
Salt River experienced a major flow event, as described previously, in January and 
February of 2006 that sustained daily flows above 10,000 cfs, and on at least three days 
during that period flows of 22,000 cfs. This significant flow event may have flushed 
sediment evenly throughout the Salt River and normalized sediment deposition patterns 
around all four weirs. There is however no information available to substantiate this.
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Figure 3. McClintock weir (2007)
Figure 4. 24th Street weir (2007)
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Figure 5. 19* Avenue weir (2007)
Figure 6 . Avondale weir (2007)
Sample Sites
Figure 7 (the Salt River flows right to left on this map) shows the location of samples 
and Table 2 lists the individual sample sites and type of sample, with the furthest 
upstream samples at the top and the furthest downstream samples at the bottom. The 
distance from downstream of Granite Reef Dam sample site which is the highest
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Figure 7. Location of sample sites
Table 2. Location of sample sites and types
Sample Sites Non Weir Sample Weir Sample
Granite Reef Dam X
Dobson Drain X
McClintock Weir Upstream X
McClintock Weir Downstream X
Tempe Town Lake X
24th Street Weir Upstream X
24th Street Weir Downstream X
19th Avenue Weir Upstream X
19th Avenue Weir Downstream X
91st Avenue WWTP X
Avondale Weir Upstream X
Avondale Weir Downstream X
El Rio X
upstream sample to the furthest downstream sample is 40.75 miles following the center of
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present river channel, and 37.5 miles directly from point to point. The following 
discussion of the individual sample sites is intended to give a better understanding of 
each individual sample site and its location in relation to the other sample sites and 
surrounding land use.
The Granite Reef Dam sample site is located directly downstream of the Granite Reef 
Dam. The surrounding land use is primarily agricultural and undeveloped desert. At this 
site water was flowing and not predominately pooled. Water flowing from this site is 
likely composed of natural flows from the Salt River that are allowed to pass the dam, 
surface runoff, agricultural runoff, and groundwater emergence.
The sample site at Dobson Drain is 11.5 miles downstream from the Granite Reef 
Dam sample site and serves as an external water source draining into the Salt River 
channel. The surrounding land use is primarily urban. Water flowing from this site was 
flowing and not predominately pooled. This site predominately drains a major urban 
section of the valley and is therefore made up of urban runoff. This site may also include 
industrial effluent but this wasn’t known for sure.
The sample site at the McClintock Bridge weir is 2.2 miles downstream of the 
Dobson Drain sample site. This site includes both the upstream and downstream sample 
sites for the McClintock Bridge weir. The site is directly above the beginning of Tempe 
Town Lake. The upstream sample area appeared to have been undisturbed by significant 
flows for a long enough time that vegetation above 5 feet had been able to grow. The 
downstream site had less vegetation but appeared to be less mobile and predominately 
pooled. The surrounding land use is primarily urban. Water flowing into this area is likely 
composed of upper river perennial flow, urban runoff, groundwater emergence, and
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industrial effluent.
The sample site located downstream of Tempe Town Lake is directly downstream of 
the lake and is located 2.2 miles downstream of the McClintock weir sample sites. The 
water was flowing from the lake and standing water was not apparently present. The 
surrounding land use is primarily urban. Water flowing into this area is likely composed 
of upper river perennial flow, water flowing from Tempe Town Lake, urban runoff, 
groundwater emergence, and industrial effluent.
The 24* Street weir sample location is 5 miles downstream of the downstream Tempe 
Town Lake sample site. This site includes both the upstream and downstream sample 
sites for the 24* Street weir. The upstream sample site appears to be slow moving with 
little standing water. The downstream sample site was primarily standing water with very 
little flows. The surrounding land use is primarily urban. Water flowing into this area is 
likely composed of water flowing from Tempe Town Lake, urban runoff, groundwater 
emergence, and industrial effluent.
The 19* Avenue weir sample location is 4.5 miles downstream of the 24* Street weir 
sample sites. This site includes both the upstream and downstream sample sites for the 
19* Avenue weir. The upstream sample area appeared to have been undisturbed by 
significant flows for a long enough time that vegetation above 7 feet had been able to 
grow. The downstream site had less vegetation but appeared to be less mobile and 
predominately pooled. The surrounding land use is primarily urban, but there are some 
agricultural activities present that may input water into the river channel. Water present at 
this site is likely composed of urban runoff, agricultural runoff, groundwater emergence, 
water flowing from Tempe Town Lake and other river corridor restoration projects, and
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industrial effluent.
The 91** Avenue waste water treatment plant is 9 miles downstream of the 19**̂ 
Avenue weir sample sites. The sample site is located directly downstream of the water 
treatment plants effluent input into the Salt River. The surrounding land use is urban and 
agricultural. Water was flowing with very little standing water present. Water present at 
this site is made up of primarily treated wastewater effluent.
The Avondale Bridge weir sample site is located 2.7 miles downstream of the 91** 
Avenue waste water treatment plant. The upstream sample area appeared to have been 
undisturbed by significant flows for a long enough time that vegetation above 7 feet had 
been able to grow. The downstream site had less vegetation and water flow was visually 
apparent unlike the upstream sample site. The surrounding land use primarily 
agricultural. Water at this site is potentially composed of urban runoff, agricultural runoff, 
groundwater emergence, water flowing from Tempe Town Lake and other river corridor 
restoration projects, industrial effluent, and treated wastewater effluent.
The El Rio sample site is located 3.5 miles downstream of the Avondale Bridge weir 
sample sites. This sample site was present in a low flow area of the channel and it 
appeared to have no out source unless flow rates increased to overcome rates of 
evaporation and infiltration. Water at this site appeared to not flow at all. Water present at 
this site is potentially composed of, urban runoff agricultural runoff, groundwater 
emergence, water flowing from Tempe Town Lake and other river corridor restoration 
projects, industrial effluent, and treated wastewater effluent
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Elements of Interest
As mentioned previously in the introduction and background, the constituents of 
interest in this study include arsenic, boron, phosphorus, and selenium. These elements 
can be associated with sediments as part of the inner matrix or by a binding process 
usually near or at the sediment surface. The surface exchangeable fraction is considered 
in this study because this fraction is considered environmentally available because metals 
sorbed to the surface can be released faster and easier than those in the inner matrix 
(OSARAF) 2007).
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CHAPTER 3
METHODS 
Collection Methods
Sites were selected for sample based on water flow at the time of sampling, being 
located with in the river channel and having safe access for sampling.
Sediment samples were collected upstream and downstream of four erosion control 
structures. These erosion control structures are located near bridges at the following 
locations: McClintock (MCU and MCD), 24* Street (24U and 24D), 19* Avenue (19U 
and 19D), and Avondale (ABU and ABD); where the third letter in the abbreviation, U, 
indicates samples upstream of a weir and D indicates samples downstream of a weir. 
Additional samples collected at sites without erosion control structures included samples 
collected below the source of water input were the 91** Avenue wastewater treatment 
plant (WWTP) (WPX), Dobson drain (DDX), and Granite Reef Dam (DDX), while the 
El Rio site (ERX) was the only sample site where a sample was collected in the middle of 
the river. Samples were collected from the surface at 0-2” depths where the water and 
sediment interact.
Each sample was made up of a composite of samples to provide a representative 
sample for each site. At each sample site at least five samples were collected over an area 
of at least 2 square meters. Samples were then homogenized in a stainless steel tub using
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a stainless steel hand shovel. The homogenized sample was then put into 250 mL glass 
sampling jars. Two 250 mL jars were filled with each sample. The threads of each jar 
were wiped clean with disposable paper towels before being sealed. After being sealed, 
each sample was labeled with site name, GPS coordinates, laboratory sample codes, date 
collected, and the initials of the person who collected the sample. A chain of custody seal 
was applied and the seal and lid was covered with clear tape before being placed in an 
ice-filled cooler. The methods used are found in Methods for Collection, Storage, and 
Manipulation of Sediments for Chemical and Toxicological Analyses: Technical Manual 
(OW2001).
Decontamination Procedures 
Sampling equipment that came in contact with water, soil, or sediment was 
decontaminated at each site using two washtubs (ERT 1994; OW 2001). The first 
contained tap water and Liquinox^M soap and the second contained deionized water. 
Equipment was air dried and was wrapped in paper towels and stored until next use. 
Further handling of equipment was done only while wearing latex gloves to prevent 
contamination (Papelis 2004).
Sample Preparation
As a result of the collection method, sediment samples contained both water and 
sediment. To separate supernatant water from sediment, the samples were centrifuged at 
2000 rpm for 20 minutes. Supernatant was decanted from each sample, acidified and 
stored in plastic Nalgene™ bottles and are referred to as supernatants here. After having
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the supernatant removed, the sample sediment was dried at 55°C in an oven. After drying, 
the sediment was sieved with a No. 16 (1.18 mm) U.S.A. Standard Testing Sieve to 
remove larger particles and the dried sediment was stored in plastic Nalgene™ bottles. 
Both sediment and supernatant samples were refrigerated prior to analysis.
Physicochemical Characterization 
For the data from this project to be correlated to other locations, the physicochemical 
characterization of each sediment sample is needed to be able to correlate sediment 
characteristics with element concentrations. Detailed physicochemical characterization 
was performed on each sediment sample. X-ray diffraction (XRD) using a PANalytical 
X PERT Pro™ XRD Spectrometer was used to determine sediment sample mineralogy.
To determine particle morphology and major element composition, scanning electron 
microscopy (SEM) and energy dispersive X-ray spectroscopy (EDS) using a JEOL JSM- 
5610 scanning electron microscope with an Oxford ISIS EDS system attachment was 
used on each sediment sample. To determine specific surface area and pore size 
distribution, nitrogen adsorption using standard BET methods (Brunauer et al. 1938), 
using a Micromeritics ASAP 2010 surface area and pore size distribution analyzer was 
conducted on each sample. Light scattering analysis using a Micromeritics Saturn 
Digisizer 5200 was used to determine particle size distribution.
Extraction Methods
For this project experimental methods used previously by Boettcher (2007), and by 
Papelis and Harris-Burr (unpublished data) were used for all extractions and analyses.
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except for arsenic and selenium supernatant analyses, which were conducted using 
inductively coupled plasma mass spectrometry (ICP-MS).
Dilutions and solutions were made using NANO-Pure™ reagent grade water. 
Chemicals used were ACS grade or better. No glassware was used in horon extractions to 
avoid potential contamination from horosilicate glass.
Arsenic Extraction
Two extraction methods were used to determine concentrations of arsenic in sediment 
samples. The first extraction used extracts the environmentally available arsenic from 
sediment. This extraction is an acid digestion following the Environmental Protection 
Agency (EPA) 3050B Method (OSW 1996). The 3050B method uses a hot water hath 
digestion with concentrated nitric acid followed by 30% hydrogen peroxide (Table 3).
The final solution is analyzed for arsenic using a graphite furnace atomic absorption 
spectrometer (GFAAS). Results from GFAAS are returned in pg/L for arsenic in the 
solutions resulting from the total extraction. These results are converted to pg/g (mg/kg 
or parts per million (ppm)) concentration of arsenic in sediment following Eq. 1.
Originally, one gram of sediment from each sample was used for the extraction; 
however, after the first set of analyses it was determined that all hut one sample had 
levels of selenium below the minimum detection limit. This extraction extracts all 
environmentally available arsenic and selenium. For this reason, the repeated 3050B 
extractions were carried out with 10 grams of sediment in order to determine if trace 
levels of selenium are present in more concentrated extractant solutions.
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Table 3. 3050B extraction method (OSW 1996)
Step Procedure
Sediment placed in beaker with nitric acid added 10 mL stepwise until no brown 
fumes are produced after heating at 95 °C in water bath.1
2 Solution allowed to reflux at 95 °C for 2 hours or until volume reaches 5 mL
[1]
2 30% hydrogen peroxide added 1 mL stepwise (max 10 mL) till effervescence of
solution is minimal.
4 Solution allowed to reflux at 95 °C for 2 hours or until volume reaches 5 mL
5 Solution diluted to known volume and sediment filtered out.
6 Store in refrigerator until analysis.
Equation 1 -  Conversion from supernatant to sediment concentration
kg gms _ Soil
Where,
~  = the calibration curve concentration result from extraction analysis reading.
VoI{l ) -  The total volume resulting from the extraction process.
gms _ Soil = the mass of the sediment that selenium was extracted from.
Several different procedures exist for sequential extractions of arsenic that yield 
different fractions in the end product. The sequential extraction selected for this project 
was the Tessier Scheme 1 (Table 4) that calls for analysis by inductively coupled plasma- 
atomic emission spectrometry (ICP-AES) (Gleyzes et al. 2002). This method was 
selected for the earlier Boettcher (2007) study because it returned the most similar 
fractions to the selenium sequential extractions, and it did not require digestion using a 
microwave, a piece of instrumentation not available in the Environmental Geochemistry
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Laboratory of DRI. Supernatant extracted using this scheme was analyzed using GFAAS.
The samples were centrifuged after each step and decanted to remove supernatant 
which was stored for later analysis. The remaining sediment was washed with 8 mL 
deionized water and centrifuged again to isolate sediment.
The supernatant from the original sample collection was analyzed for arsenic using 
ICP-MS.
Table 4. Tessier scheme 1 arsenic sequential extraction for 1 gram sediment (Gleyzes et 
al. 2 0 0 2 )
Arsenic Fraction Extractant Procedure
Exchangeable
Carbonates
Reducible (Mn-oxides)
Amorphous Fe-oxides 
Crystalline Fe-oxides
Organic Matter
8 mL IM MgCli pH 7
8 mL IM Na Acetate / acetic 
acid buffer pH 4.5
20 mL 0.04M Hydroxylamine 
hydrochloride in 25% (v/v) 
acetic acid
50mL 0.02M Oxalate / 0.02 
oxalic acid
50mL 0.2M Oxalate / 0.2M 
oxalic acid / 0.1  ascorbic acid
(l)3m L0.02 HNO3 / 5mL 
30% (v/v) H2O2, (2) 3 mL 30% 
H202 ,(3 ) 5mL3.2M 
ammonium acetate in 2 0 % 
(v/v) HNO 3
Agitate 1 hour at room 
temperature
Agitate for 1 hour
Waterbath at 96°C +/- 5°C for 
5h 30 min
Agitate 4 hours in dark
Water bath 100°C for 30 min
Water bath at 85°C +/- 5°C for 
2h with extractant 1. Add 
extractant 2  and leave in water 
bath as before 3 more hours. 
Cool, add extractant (3), dilute 
to 20 mL, and agitate for 
30min.
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Boron Extraction
The boron extraction method used was the hot CaCf extraction / Azomethine-H UV- 
Vis spectrophotometric method, described in the Western States Laboratory Plant Soil 
and Water Analysis Manual (Gavlak et al. 2003) and the Soil Analysis Handbook of 
Reference Methods (Soil and Plant Analysis Council Inc. 2000) (Table 5). A calibration 
curve of known concentrations is analyzed along with samples to allow determination of 
extract concentrations in mg/L. The conversion of extractant concentrations from mg/L to 
mg/kg is accomplished based on Equation 2.
Table 5. Boron extraction method (Gavlak et al. 2003; Soil and Plant Analysis Council 
Inc. 2000)
Step Procedure
1 To 15 g sediment add 30 mL CaCh and place in boiling water bath 10 minutes
2  Add 1 mL buffer masking agent and 1 mL azomethine-H to 4 mL of extractant 
from previous step. Allow to develop for 1 hour.
2 Analyze resulting yellow solution with UV-Vis spectrophotometer at 420 nm, 
after 1 hour but before 3 hours from mixing in step 2.
Equation 2 -  Conversion of Boron Concentration from mg/L to mg/kg 
mg [ L
[2]
kg gms _ Soil
Where,
- j -  = the calibration curve concentration result from extraction analysis reading. 
VoI{l ) = The total volume resulting from the extraction process.
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gms _ Soil = the mass of the sediment that boron was extracted from.
Supernatant from the original sediment samples was analyzed for boron concentration 
following the same method as above substituting 4 mL of supernatant sample for 
sediment and starting at step two.
Phosphorus Extraction
The phosphorus extraction method used was a modified version (Acharya, 2007) of 
the Persulfate Digestion Method for phosphorus (Clesceri et al. 1998) followed by the 
Ascorbic Acid Method for analysis and was used by Boettcher (2007) in the Las Vegas 
Wash study (Table 6 ). Reagents for the persulfate method are listed in Table 7.
A calibration curve of known concentrations is analyzed along with samples to allow 
determination of extract concentrations in mg/L. The conversion of the extracted 
solutions concentrations from mg/L to mg/kg is accomplished using Eq. 2.
Table 6 . Phosphorus extraction method (Acharya, personal communication; Clescer, et 
al. 1998)
Step Procedure
 ̂ To 0.1 g sediment add 400 mL sulfuric acid, 15 mL 5% persulfate solution and
autoclave 45 minutes, and cool.
Add 50 pL phenolphtl 
permanently appears.
2  thalein indicator and titrate with 16% NaOH until pink color
2 Add 3.2 mL reagent (Table 7) per 20 mL sample solution and allow to develop 15 
minutes.
4 Analyze resulting blue solution on UV-Vis spectrophotometer at 880 nm.
The supernatant from each original sample collected was analyzed for phosphorus
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concentrations following the sample method as above substituting 5 mL of supernatant 
sample for 0.1 g of sediment.
Table 7. Persulfate method for phosphorus (Clesceri et al. 1998)
Reagent Amount
5N H2SO4 50 mL
Potassium antimony tartrate (2.7 g/L) 5 mL
Ammonium molybdate (40 g/L) 15 mL
Ascorbic acid (17.6 g/L) 30 mL
Selenium Extraction 
Selenium was extracted using two different extraction methods. The EPA Method 
3050B (OSW 1996), as described previously in the arsenic extraction section, was used 
to extract selenium that is environmentally available. The concentration of selenium from 
the 3050B extraction is analyzed using GFAAS. Results from GFAAS are returned in 
pg/L for selenium in the solutions resulting from the total extraction. This concentration 
is converted to pg/g (mg/kg or ppm) concentration of selenium in sediment using Eq. 1.
The second extraction method is a sequential extraction modified from the scheme 
described by Tokunaga et al. (1991) and by Zhang and Moore (1996)) that combined 
individual oxides fractions into one step. This method was used by Boettcher (2007) in 
the Las Vegas Wash study.
This method is based on work done by the coauthor Lipton on his dissertation (Lipton 
1991). Lipton extracted several fractions of selenium for analysis. The names given to 
each fraction are a best estimate of the actual selenium that was extracted in each fraction
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and does not imply total selectivity (Tokunga et al. 1991). Lipton collected the following 
fractions in his original work: soluble, adsorbed, carbonate, soil organic matter, easily 
reducible oxides, amorphous oxides, and crystalline oxides (Table 8).
The modified scheme used in the Wash work (Boettcher 2007) and in this study is 
shown in Table 9. All other fractions were extracted as reported by Tokunga et al. (1991).
Table 8. Selenium sequential extraction scheme (Tokunga et al. 1991)
Selenium Fraction Extractant Selenium Fraction Extractant
1) Soluble KCl 5) Easily Reducible Oxides NH2OH / KOH
2) Adsorbed K2HPO4 6) Amorphous Oxides
NH2OH / 
HCl / KOH
3) Carbonate Na Acetate 7) Crystalline Oxides HCl
4) Soil Organic Matter NaOCl
Table 9. Modified selenium sequential extraction scheme for 1 gram of sediment (Zhang 
and Moore 1996)
Selenium Fraction Extractant Procedure
Soluble
Adsorbed
Carbonate
10mL0.25M KCl 
10mL0.1MK2HP04 
10 mL l.OM NaOAc
c -1 4 mLNaOCl adjusted
So.l Organic Matter ,„pH9.5(HCI)
Oxides 10mL4.0M HCl
Shake 2 hrs.
pH 8 (KOH), Shake 20 hrs. 
pH 5 (glacial acetic acid). Shake 5 hrs. 
85°C water bath 0.5 hrs., repeat step. 
85°C water bath 0.75 hrs.
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The samples were centrifuged after each step and the supernatant was refrigerated 
until analysis. Tokunga et al. (1991) analyzed samples using a hydride generation atomic 
absorption spectrometer (HGAAS). The Environmental Geochemistry Laboratory at the 
DRI-Las Vegas does not have access to a HGAAS, so samples were analyzed on the 
GFAAS which the Laboratory is equipped with.
The supernatant from the original sample collection was analyzed for arsenic using 
ICP-MS after the graphite furnace that was heing used failed.
Physicochemical Characterization Data Evaluation Methods 
Statistical evaluations were performed on the volume frequency percent mode, 
surface area population mode, and BET specific surface area data. For each set of data 
trend evaluations and or statistical analyses were conducted. Methods used are later 
described in the Elemental Data Evaluation Methods sections, in the Examination of 
Trends and Statistical Analysis subsections.
Elemental Data Evaluation Methods 
This section briefly explains the methods used to analyze arsenic, selenium, boron, 
phosphorus, and physicochemical characterization data in this study.
OA/OC Samples
At each sample site, except for El Rio, two separate composite samples were 
collected and analyzed along with the two blank water samples collected, one collected 
on each of two sampling days. These samples serve as Quality Assurance/Quality Control 
(QA/QC) samples. For each sample, four extractions of arsenic and selenium, seven
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extractions of boron, and five extractions of phosphorus were conducted.
Comparison of the results in each elemental analysis for the original and duplicate 
QA/QC samples showed that the percent difference, given hy Eq. 3.
\Sample\ -  Samplel\
  ---------------  L_xlOO [3]
{Sample 1 + Sample 1)12
between the two samples ranged from 0% to 17% with the majority of the duplicates 
having less than a 3% difference.
In addition to duplicate samples, checks were used in each extraction process to 
validate elemental concentration results. GFAAS analysis of selenium and arsenic 
sediment extracts included using the average result of three separate sample aliquots for 
each sample, after every ten samples analyzed a duplicate sample was also run with 
duplicate results within 10% being acceptable, and a spike recovery check run every 10 
samples. The spike recovery check consisted of spiking a sample with a known 
concentration of the element and checking that the value is recovered after subtracting the 
duplicate samples value from the spiked sample (Eq. 4). A spike recovery of 80-120% is 
considered acceptable.
{Spiked sample concentration -  sample concentration^ x 100 [4]
{Concentration o f spike)
Boron and phosphorus extractions included the use of reference standards. Measured 
concentrations of reference standards within 15% of known values were accepted.
Examination of Trends
Bar graphs were made for each elemental concentration data set as well as for BET 
surface area data. On each graph, concentration data or surface area data (y-axis) are 
graphed with respect to each structure’s location (x-axis) in the Salt River, going from
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upstream to downstream (left to right). Two graphs are made for each set of data. The 
first graph contains all data collected. The second contains all data collected for weirs 
alone. Examination of these graphs may reveal qualitative trends in data sets with respect 
to flow direction or location in the Salt River.
Statistical Analvses
Four different statistical methods were used to analyze data. Methods used include a 
one-way analysis of variance (ANOVA) and independent t-testing. All analyses were 
conducted at a 95% confidence level.
The first statistical method used was an ANOVA analysis that compares all weirs to 
each other to determine if there are statistical differences between individual weirs. Each 
weir will have all data being compared, for example boron concentrations, upstream and 
downstream, grouped together. The data were averaged and compared to the other sites in 
the analysis. If the ANOVA analysis shows a statistical difference, a post-hoc Tukey 
analysis will be used to determine where significant differences are located between the 
sample sites being analyzed. These data will help to determine where sources and sinks 
for an element are between weirs, as well as help to determine if certain weirs are 
significantly different from others.
The second statistical method used to analyze data was the independent t-test. It was 
used to compare upstream and downstream values for each group of data. All values for 
data being compared for upstream of weirs were combined and averaged and compared 
to all combined and averaged values for downstream of weirs. This test involves all data 
for upstream and downstream of weirs being grouped together, not individual upstream 
and downstream samples. This test was used to determine if there was a significant
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difference between upstream and downstream values for all weirs.
The third statistical method used to analyze data was the independent t-test. It was 
used to compare upstream and downstream values of each group of data for each weir 
individually. This test was used to determine which weirs had a significant difference 
between up and downstream values.
Comparison of Data to Published Concern Values
Along with statistical analysis, it is important to determine if any of the elemental 
concentrations pose any risk to wildlife and the environment. Determining this is 
challenging because of many factors. Plants and animals are affected at different 
elemental concentration levels and the level of affect is based on a variety of factors 
including size, dietary needs, and metabolic pathways (OSARAF) 2007). When 
determining if a potential hazardous concentration of an element exists, it is important to 
background elemental concentrations. Plants and animals may be adapted to higher levels 
of an element. The affect of hioaccumulation in lower organisms can also make it 
difficult to determine at what levels elements are harmful to organisms higher in the food 
chain. Lastly, organizations and agencies use different methods and bases to determine 
unsafe levels.
In this project, levels of concern for arsenic, horon, and selenium from Appendix D of 
A Critical Review o f Methods for Developing Ecological Soil Quality Guidelines and 
Criteria (EPT 1999), and fi'om Table 6 in Tuttle and Thodal (1998) were used. The EPT 
(1999) document compares methods for determining harmful concentrations of 
substances as well as the soil protection values (SPV) reported by different organizations. 
Values reported by the Oak Ridge National Laboratory (ORNL) are likely the most
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applicable for comparison to values determined in this study because they pertain to SPV 
values for plants. Table 10 lists the ORNL values as well as the range of values listed by 
other organizations (these are not necessarily applicable to this study).
Tuttle and Thodal (1998) report concern and effect concentrations from existing 
published data for water, sediment, and several biological samples used in their study. 
Table 11 shows the water and sediment concern and effect levels reported by Tuttle and 
Thodal (1998) that were used for comparison to measured arsenic, boron, and selenium 
concentrations. No concern and effect values were reported by Tuttle and Thodal (1998) 
for boron concentrations in sediment.
Table 10. ORNL SPV values
Minimum SPV (ppm) Maximum SPV (ppm) ORNL Plant SPV (ppm)
Arsenic 2 100 10
Boron 0.5 20 0.5
Selenium 0.81 100 1
Table 11. Tuttle and Thodal plant SPV
Water (micrograms per liter) 
Concern Effect
Sediment (micrograms per gram) 
Concern Effect
Arsenic — 40 33 85
Boron 200 52,000 — —
Selenium 1.5 3 1 4
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Supernatant Concentrations and Partition Coefficients 
Supernatant water separated from sediment samples was analyzed as well using ICP- 
MS and UV-Vis spectroscopy. These supernatant samples were not separated from 
sediment immediately, so it is not known if they were in equilibrium or not with the 
sediment samples from which they were collected. These samples cannot be treated as 
water samples, but were analyzed for the selected elements of concern in this study 
outlined above. The supernatant concentrations were compared to water quality data firom 
the Salt River to determine if the concentrations fall outside the range of regular water 
sample values.
For each sample site, conditional partition coefficients (Kc) were calculated. Sediment 
concentrations for each element were individually normalized by surface area and was 
calculated by Eq. 5.
Kc =
^ Se dim ent Concentration ̂
^  Supernatant Concentration [5]
BET Surface Area
Where Sediment Concentration is in pg/g, BET Surface Area is in m^/g, and the 
Supernatant Concentration is in pg/L. Kc values when compared within a set of elemental 
data will give the ratio between the two phases for each element by sample location.
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CHAPTER 4
RESULTS & DISCUSSION 
Physicochemical Characterization 
As discussed in Chapter 3, physicochemical characterization methods section, for the 
data from this project to be correlated to other locations, the physicochemical 
characterization of each sediment sample is needed to be able to correlate sediment 
characteristics with element concentrations. A detailed physicochemical characterization 
was performed on each sediment sample. XRD was used to determine sediment sample 
mineralogy. To determine particle morphology and composition, SEM and EDS was used 
on each sediment sample. Specific surface area and pore size distribution was determined 
by standard BET methods (Brunauer et al. 1938) using a Micromeritics ASAP 2010 
surface area and pore size distribution analyzer. Particle size distribution was determined 
using light scattering analysis.
Particle Size Analysis 
The number of reactive sites in sediment samples is directly related to the specific 
surface area of the actual sediment. Because smaller sediment particles have more surface 
area, on a per mass basis, they have more reactive sites. Papelis (2004) found that finer 
particles of sediment have more sites of reactivity for contaminants, nutrients, and metals 
despite the fact that larger particles make up a large portion of the actual volume. In this
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study, samples with the larger specific surface areas generally had higher concentrations 
of the extracted elements. This fact is important to understand when analyzing the 
distribution of sediments representative of each sample. Figures 8 and 9 show a 
representative particle size distribution for two samples with particle size distribution vs. 
surface area populations and volume frequency percentages. Figures 10, 11, and Table 12 
show the surface area population and volume frequency modes, which reveals which 
particle diameter (pm) accounts for the largest percentage of volume and contributes the 
most to surface area.
19th Avenue Weir Upstream
I — • — Surface Area Population (mVg) ♦ Volume Frequency Percent
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Figure 8. Surface area and volume frequency percent graphs by particle size distribution
for 19* Avenue weir upstream sample
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19th Avenue Weir Downstream
I Surfece Area Population (m*/g) ♦ Volume Frequency Percent
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Figure 9. Surface area and volume frequency percent graphs by particle size distribution 
for 19* Avenue weir downstream sample
Volume Frequency Modes (pm)
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Figure 10. Volume modes (pm)
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Figure 11. Surface area modes (pm)
Table 12. Volume and surface area modes (pm)
Sample Name Volume Modes (pm) Surface Area Mode (pm)
Granite Reef Dam 728.6 0.205
Dobson Drain 649.4 0.688
McClintock Weir Upstream 771.8 0.772
McClintock Weir Downstream 244.1 0.649
Tempe Town Lake 728.6 0.345
24th Street Weir Upstream 613.1 0.649
24th Street Weir Downstream 46.0 0.579
19th Avenue Weir Upstream 344.7 0.613
19th Avenue Weir Downstream 273.8 0.579
91 st Avenue WWTP 459.7 0.772
Avondale Weir Upstream 344.7 0.772
Avondale Weir Downstream 649.4 0.688
El Rio 57.9 0.546
Inspection of Figures 7 and 8 reveals the volume mode is about 300 pm. The range of 
particle sizes from less than 1 pm up to 1000 pm shows that particle size fractions from 
fine to course are represented in each sample. Additionally, it can be seen from these
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figures that the surface area mode is about 0.6 pm for both samples. These figures 
demonstrate that the majority of the surface area in each sample is made up of particles 
with diameters less than 10 pm, while these same particles only account for a small 
percentage of the total sample volume.
Correlation between volume modes and surface area modes showed that when the 
volume modes for samples are divided by the corresponding surface area modes the 
samples with the lowest ratio of volume mode to surface area mode also were samples 
that generally had more surface area, and higher concentrations of constituents. This was 
done to determine if a correlation existed between the lower ratios of volume mode to 
surface area mode and higher surface areas in the same sample. Samples with the lowest 
ratios in ascending order were 24* Street weir downstream, El Rio, McClintock weir 
downstream, and 19* Avenue weir downstream. These samples are generally seen to 
have the highest surface area, concentrations of constituents and are all samples 
downstream from weirs except for El Rio.
Surface Area Analvsis 
Surface area and pore size distribution analysis was conducted on each sediment 
sample using a Micrometries ASAP 2010 Analyzer, which used the nitrogen adsorption 
BET method (Brunauer et al. 1938). Figures 12 and 13 and Table 13 show results of the 
specific surface area, reported in m^/g.
Statistical analysis by methods described in Chapter 3 used three individual methods 
to analyze the collected data. The first statistical analysis was an ANOVA that compared 
all weirs to each other. The data for each element from each weir, upstream and 
downstream, were combined and compared. This analysis revealed significant differences
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F(3,14) = 22.390 (F; degrees of freedom for independent variables, degrees of freedom 
for data points), P = 0.005 (0.05 value corresponds to a 95% confidence level, and 
smaller P values equate to greater confidence levels). A post hoc tukey analysis showed 
that there was a significant difference between McClintock weir and 24* Street weir, 24* 
Street weir and Avondale weir, 19* Avenue weir and Avondale weir.
BET Surface Area m /g
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Figure 12. BET Specific surface area (m^/g)
43
BET Surface Area by Weir ( r t f i g )
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Figure 13. BET Specific surface area by weir (m^/g)
Table 13. BET Specific surface area (m /g)
BET Surface Area m2/g
Granite Reef Dam 1.242
Dobson Drain 1.893
McClintock Weir Upstream 0.889
McClintock Weir Downstream 2.116
Tempe Town Lake 0.947
24th Street Weir Upstream 2.894
24th Street Weir Downstream 4.087
19th Avenue Weir Upstream 2.359
19th Avenue Weir Downstream 2.415
91st Avenue WWTP 0.747
Avondale Weir Upstream 0.675
Avondale Weir Downstream 0.542
El Rio 4.884
The second statistical analysis was an independent t-test comparing all BET surface 
area data for samples collected upstream of weirs to samples collected downstream, to 
determine whether there was a significant difference between the two. The test showed 
that at the 95% confidence level no significant differences existed, T(13)=0.889,
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P=0.390.
The third statistical analysis was an independent t-test comparing BET surface area 
data from upstream of weirs to downstream of weirs individually, to determine whether 
there was a significant difference between upstream and downstream values for each 
weir. The test showed that there was no significant difference between upstream and 
downstream values for the 19* Avenue weir T(2)=1.980, P=0.186. There was a 
significant difference between upstream and downstream values for the McClintock weir 
T(2)=43.367, P=0.005, and 24* Street weir T(2)=42.179, P=0.005, Avondale weir 
T(2)=4.709, P=0.005. These results indicate that weirs in the urban area of the Salt 
River, Arizona generally cause a significant difference in BET surface area between 
samples above and below weirs. McClintock weir and 24* Street weir had significantly 
higher BET surface area downstream while Avondale weir had significantly higher 
upstream.
These results will be discussed in the Discussion of Characterization Data along with 
the mineralogy data.
Mineraloev
The semi-quantitative mineralogy of all sediment samples was determined by XRD 
using a PANalytical X PERT Pro™ XRD Spectrometer. Spectra were collected in the 4 to 
76° 20-range using 0.017° 20 steps and Cu K a radiation (k = 1.54060 A). Coupled with 
this instrument was PANalytical X PERT Highscore^*^ software that automated peak 
search and examination of spectra. Semi-quantitative mineralogy results can be seen in 
Figure 14, and Table 14. Minerals found in each sample include: quartz [SiOz], 
plagioclase [NaAlSi3 0 g—CaAlzSizOg], and potassium feldspar [KAlSisOg] (in all but
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Dobson Drain). The average composition for all samples was 27.3% quartz, plagioclase 
30.2%, biotite 5.6%, calcite 2.7%, potassium feldspar 32%, and phosphates 1.2%.
The samples with the highest percentage of biotite were El Rio (16%), 19* Avenue 
weir downstream (14%), 19* Avenue weir upstream (7%), and 24* Street weir 
downstream (7%). Samples with the lowest percentage of quartz and plagioclase feldspar 
are McClintock weir upstream (35%), Granite Reef Dam (44%), and Tempe Town Lake 
(45%). 24* Street weir Downstream (77%), Dobson Drain (75%), and 19* Avenue weir 
upstream (75%) had the highest percentages of quartz and plagioclase feldspar. Dobson 
Drain (18%) and El Rio (11%) had the highest percentage of calcite and dolomite 
(dolomite is grouped with calcite in this case by the analysis software used). This
XRD sem i-quantitative analysis
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Figure 14. Semi-quantitative XRD mineralogy (%)
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information will be discussed in context with other physicochemical characteristics 
determined for each sample in the next section.
Table 14. Semi-quantitative XRD mineralogy (%
Mineralogy (%) Quartz Plagioclase Biotite Calcite
Potassium
Feldspar Phosphate
Granite Reef Dam 22 22 0 0 56 0
Dobson Drain 
McClintock Weir
33 42 6 18 0 0
Upstream 
McClintock Weir
16 22 0 0 62 0
Downstream 23 23 4 2 48 0
Tempe Town Lake 
24th Street Weir
29 16 6 0 49 0
Upstream 
24th Street Weir
33 32 5 0 31 0
Downstream 
19th Avenue Weir
41 36 7 0 17 0
Upstream 
19th Avenue Weir
41 34 7 0 18 0
Downstream 
91st Avenue
28 29 14 4 26 0
WWTP
Avondale Weir
7 52 0 0 28 0
Upstream 
Avondale Weir
24 34 3 0 23 16
Downstream 31 30 5 0 33 0
El Rio 27 21 16 11 25 0
Discussion of Characterization Data 
Consideration of the characterization data reveals several important trends. The 
samples with the highest surface area, as seen in Table 13, are El Rio, upstream and 
downstream of the 24* Street weir, downstream of the 19* Avenue weir, and downstream 
of the McClintock weir. These samples contain higher concentrations of elements from 
sediment extractions, as seen later. These samples also have the lowest Volume
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Frequency Mode (sediment size accounting for the largest volume of the sample). 
Mineralogical data also show these samples having higher percentages of biotite (Table 
14). Biotite is known to have a higher surface area than quartz and feldspars. The higher 
concentrations of biotite and lower volume frequency modes in these samples may 
explain why they have higher surface areas thus resulting in higher concentrations of 
elements from the sediment extractions.
Particle Morphologv
To determine particle morphology and composition, SEM and EDS was used using a 
JEOL JSM-5610 scanning electron microscope with an Oxford ISIS EDS system 
attachment was used on each sediment sample.
Figure 15 shows the SEM image and corresponding EDS spectrum for potassium 
feldspar. This particular EDS spectrum shows potassium, aluminum, silicon, and oxygen 
as detectable elements present, which is consistent with the composition of potassium 
feldspar [KAlSisOg ]. The EDS spectrum report of ratios of atomic elemental composition 
generally matches the expected ratios or elements present based on XRD results of the 
minerals detected. Figure 16 shows the SEM image and corresponding EDS spectra for 
quartz. The EDS spectrum shows oxygen and silicon as detectable elements, which is 
consistent with quartz [SiOi]. The EDS spectrum report of ratios of elements present 
generally matches the expected ratios of elements expected to be present based on XRD 
results of the minerals detected. Figure 17 shows the SEM image and corresponding EDS 
spectrum for dolomite. The EDS spectrum shows aluminum, calcium, carbon, 
magnesium, oxygen, potassium, and silicon as the primarily detected elements suggesting 
a mixture of part potassium feldspar but primarily dolomite [CaMg(C0 3 )2]. The EDS
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spectrum report of ratios of elements present generally matches the expected ratios or 
elements to be present based on XRD results of the minerals detected.
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Figure 15. SEM image (160x) and EDS spectra for potassium feldspar Avondale weir 
upstream
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Figure 16. SEM image (550x) and EDS spectra for quartz from McClintock weir 
downstream
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Figure 17. SEM image (160x) and EDS spectra for dolomite from El Rio
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Elemental Data
Arsenic, boron, phosphorus, and selenium were extracted from each sediment sample 
using methods described in Chapter 3. Supernatants and sediment extracts were analyzed 
for arsenic and selenium using GFAAS and for boron and phosphorus using UV-Vis 
spectroscopy. Statistical data analysis was also conducted as described in Chapter 3.
Arsenic
The extracted environmentally available arsenic concentrations ranged from 1.9 to 9.9 
mg/kg for all samples. Figures 18, 19, and Tables 15, and 16 show the results.
All sediment samples were separately analyzed twice, two sub samples from the same 
homogenized sample, to track the consistency of the data. The percent variance between 
sediment subsamples returned values ranged from 1% to 18% with an average variance 
of 8%. The spike recovery checks analyzed along with the samples as described in 
Chapter 3 methods section under QA/QC had returns of 107% and 112%. The percent 
variance of known values used as standards ranged from 0.3% to 9% with an average 
variance of 3%.
Three statistical analyses were performed on the arsenic data as described in the 
Elemental Data Evaluation Methods section in Chapter 3. The first analysis was an 
ANOVA analysis comparing weirs to each other. For this analysis I grouped all arsenic 
data for a weir together (up and downstream samples) to determine if there was any 
statistical difference between the weirs. The ANOVA results showed that there was a 
significant difference F(3,15) = 34.975, P = 0.005. A post hoc tukey analysis showed a 
significant difference between 24* Street weir and McClintock weir, and between 
Avondale weir and all other weirs.
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Arsenic Sediment Concentration (|jg/g)
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Figure 18. Arsenic sediment concentrations (|ag/g)
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Figure 19. Arsenic sediment concentrations weirs only (|ig/g)
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Table 15. Arsenic sediment concentrations (tig/g)
Arsenic Sediment Concentration (pg/g)
Granite Reef Dam 4.7
Dobson Drain 5.1
McClintock Weir Upstream 3.4
McClintock Weir Downstream 5.7
Tempe Town Lake 3.6
24th Street Weir Upstream 6.8
24th Street Weir Downstream 7.1
19th Avenue Weir Upstream 5.9
19th Avenue Weir Downstream 5.8
91st Avenue WWTP 2.6
Avondale Weir Upstream 2.1
Avondale Weir Downstream 2.0
El Rio 9.5
Table 16. Arsenic sediment concentrations weirs only (pg/g)
Arsenic Sediment Concentration (pg/g)
Upstream Sample Downstream Sample
McClintock Weir 3.4 5.7
24^ Street Weir 6.8 7.1
19th Avenue Weir 5.9 5.8
Avondale Weir 2.1 2.0
The second statistical analysis was an independent t-test comparing all arsenic data 
for samples collected upstream of weirs to samples collected downstream, to determine if 
there was a significant difference between the two. The test showed that there was no 
significant difference between upstream and downstream samples T(14) = 0.558, P = 
0.586. This indicates that when all values for upstream and downstream samples are 
considered together the weirs considered together do not have an overall impact on 
sediment concentrations of arsenic.
The third statistical analysis was an independent t-test comparing arsenic data from
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the upstream of weirs to the downstream of weirs individually, to determine if there was a 
significant difference between upstream and downstream values for each weir. The test 
showed that there was a significant difference between upstream and downstream 
samples at the McClintock weir T(2) = 6.888, P = 0.02, but no significant difference 
between 24* Street T(2) -  1.720, P = 0.228, 19* Avenue T(2) = 0.292, P = 0.798, and 
Avondale T(2) = 0.797, P = 0.509 weir upstream and downstream samples.
The ORNL arsenic SPV used to determine toxicity for plants is 10 mg/kg (Table 10). 
Levels of concern and effect reported by Tuttle and Thodal (1998), Table 11, for sediment 
are 33 mg/kg, and 85 mg/kg respectively.
Values for arsenic concentration in sediment reported by this study ranged from 1.9 to 
9.9 mg/kg, and an average of 5.0 mg/kg for all samples. Arsenic is present in the system, 
but below ORNL specified SPV or the level of concern reported in Tuttle and Thodal 
(1998).
Inspection of the graphs for the environmentally available arsenic reveal relatively 
even patterns of distribution for sediment and supernatant concentrations. The 
distribution of arsenic above and below weirs also showed no clear pattern. These 
patterns and trends are consistent with data seen in statistical analysis of arsenic 
concentrations.
Supernatant from each sample was also analyzed for arsenic concentration, using 
ICP-MS methods as outlined in Chapter 3. Concentrations ranged from 1.48 pg/L to 2.88 
pg/L with an average concentration of 1.9 pg/L. Results are reported in Figures 20, 21, 
and Table 17. These values were compared to water quality data from previous studies.
All supernatant samples were analyzed four times separately to track the consistency of
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the data. The percent variance in supernatant sample values for arsenic ranged from 0% 
to 2.2% with an average variance of 0.6%. The spike recovery checks analyzed along 
with the samples as described in Chapter 3 methods section under QA/QC returned 
values of 98%, 100%, 102%, and 105%. The percent recovery of known values used as 
standards ranged from 98% to 102% with an average recovery of 102%.
Arsenic Supernatant Concentration (pg/L)
y /yyyy.'
Figure 20. Arsenic supernatant concentrations (pg/L)
Arsenic Supernatant Concentrations (pg/L)
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Figure 21. Arsenic supernatant concentrations for weir samples only (pg/L).
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Table 17. Arsenic supernatant concentrations (pg/L)
Arsenic Supernatant Concentration (pg/L)
Granite Reef Dam 2.009
Dobson Drain 2.049
McClintock Weir Upstream 2.046
McClintock Weir Downstream 1.593
Tempe Town Lake 1.730
24th Street Weir Upstream 1.749
24th Street Weir Downstream 2.255
19th Avenue Weir Upstream 1.769
19th Avenue Weir Downstream 1.930
91st Avenue WWTP 1.486
Avondale Weir Upstream 1.743
Avondale Weir Downstream 1.596
El Rio 2.882
Prior studies have shown arsenic values for sediment, surface, and ground water, 
samples as seen in Tables 18, 19 and 20 and discussed in Chapter 1. Physicochemical 
characterization properties of these sediment samples are not known, so only general 
comparisons can be made to data from this study. Concentrations of arsenic from 
sediment samples in this study average 5pg/g while reported values from previous studies 
for sediment are lOpg/g and 22pg/g. Surface water samples and groundwater samples 
seen in previous studies have reported values ranging from Ipg/L to 81 pg/L.
Table 18. Sediment arsenic concentrations from previous studies (pg/g)
USGS NWIS Sediment Samples Arsenic sediment concentrations (pg/g)
Salt River at 35* Avenue - June 221993
Salt River at 24* Street -  June 1993 10
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Table 19. Surface water arsenic concentrations from previous studies (pg/L)
Arsenic surface water sample sites Baker et al. USGS NWIS Samples
15
Upper Salt River -  1998 <10
Verde River above confluence with Salt 
River -  1998
Salt River near Coon Bluff (above 
Granite Reef Dam Sample Site) -  May 
1999
Salt River at Alma School Rd (Dobson 
Drain Sample Site) - January 1995
Salt River at Alma School Rd (Dobson 
Drain Sample Site) - February 1995
5
18
Salt River at 27* Avenue - July 1998 25
Salt River at 24* Street -  August 1992 13
Salt River at 24* Street - September 
1992 1
Table 20. Groundwater arsenic concentrations from previous studies (pg/L)
Groundwater arsenic sample sites Edmonds and Gellenbeck
West Salt River Valley 1 to 81, Median 6
West Salt River Valley
Agricultural Land Use Study - 0 to 40, Median 10
February 1998
West Salt River Valley
Agricultural Land Use Study - 1 to 31, Median 11
August 1997
The concentrations of arsenic in supernatant samples from this study ranged from 
1.48pg/L to 2.88pg/L, reporting similar but lower concentrations of arsenic. Overall, 
arsenic values reported in this study are certainly in the same order of magnitude
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compared to arsenic values reported in other studies for both water and sediment samples.
Elemental extractions were also considered using a calculated conditional partition 
coefficient (Kc) for each sample site. Kc values were normalized by surface area.
Returned values ranged from 0.68 to 2.43 L/m^ (Table 21).
Table 21. Arsenic partition coefficients (L/m^)
Arsenic Partition Coefficients (L/n?)
Granite Reef Dam 1.91
Dobson Drain 1.33
McClintock Weir Upstream 1.88
McClintock Weir Downstream 1.70
Tempe Town Lake 2.25
24th Street Weir Upstream 1.36
24th Street Weir Downstream 0.78
19th Avenue Weir Upstream 1.44
19th Avenue Weir Downstream 1.26
91st Avenue WWTP 2.43
Avondale Weir Upstream 1.86
Avondale Weir Downstream 2.34
El Rio 0.68
As discussed in the methods section, a sequential extraction for separate fractions of 
arsenic was planned. Unfortunately equipment error and malfunction late in the project 
made the feasibility of analyzing these separate fractions not viable.
Boron
The extracted environmentally available boron concentrations ranged from 0.4 to 7.6 
mg/kg for all samples. Figures 22, 23, and Tables 22, and 23 show the results.
All sediment samples were separately analyzed twice to track the consistency of the 
data. The percent variance in sediment samples returned values ranging from 7% to 39%, 
with an average variance of 17%. The percent variance of known values used as
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standards ranged from 0.1% to 10% with an average variance of 1.4%.
Boron Sediment Concentration (pg/g)
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Figure 22. Boron sediment concentrations (|ag/g)
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Figure 23. Boron sediment concentrations weirs only (|ag/g)
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Table 22. Boron sediment concentrations (|ag/g)
Boron Sediment Concentration (pg/g)
Granite Reef Dam 0.4
Dobson Drain 0.5
McClintock Weir Upstream 0.9
McClintock Weir Downstream 2.3
Tempe Town Lake 0.3
24th Street Weir Upstream 1.0
24th Street Weir Downstream 4.5
19th Avenue Weir Upstream 0.9
19th Avenue Weir Downstream 1.7
91st Avenue WWTP 0.6
Avondale Weir Upstream 0.5
Avondale Weir Downstream 0.4
El Rio 5.1
Table 23. Boron sediment concentrations weirs only (pg/g)
Boron Sediment Concentration (pg/g)
Upstream Sample Downstream Sample
McClintock Weir 0.9 2.3
24th Street Weir 1.0 4.5
19th Avenue Weir 0.9 1.7
Avondale Weir 0.5 0.4
Three statistical analyses were performed on the boron data as described in the 
Elemental Data Evaluation Methods section in Chapter 3. The first analysis was an 
ANOVA analysis comparing weirs to each other. This analysis involved grouping all 
boron data for a weir together (up and downstream samples) to determine if there was 
any statistical difference between the weirs. The ANOVA results showed that there was a 
significant difference F(3,52) = 12.223, P = 0.005. A post hoc tukey analysis shows a 
significant difference between 24* Street weir and all others, and between the 
McClintock weir and Avondale weir.
The second statistical analysis was an independent t-test comparing all boron data for
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samples collected upstream of weirs to samples collected downstream, to determine if 
there was a significant difference between the two groups. The test showed that at the 
95% confidence level the upstream values for boron were significantly different from the 
downstream values T(54)=4.843, P=0.005. This suggests that the weirs are affecting the 
distribution of boron in the stream.
The third statistical analysis was an independent t-test comparing boron data from the 
upstream of weirs to the downstream of weirs individually, to determine if there was a 
significant difference between upstream and downstream values for each weir. The test 
showed that there was no significant difference between upstream and downstream values 
for the Avondale weir T(12)=1.091, P=0.297. There was a significant difference between 
upstream and downstream values for the McClintock weir T(12)=18.145, P=0.005, the 
P=0.005, 24“* Street weir T(12)=16.632, P=0.005, and 19'  ̂Avenue weir T(12)=9.219. 
These results indicate that weirs in the urban area of the Salt River, Arizona generally 
cause a significant difference in boron concentrations between samples upstream and 
downstream of weirs.
The ORNL boron SPV used to determine toxicity for plants is 0.5 pg/g (Table 10), 
and no value is given by Tuttle and Thodel (1998) (Table 11). Values for boron 
concentration in sediment reported by this study ranged from 0.3 pg/g to 7.6 pg/g, with 
an average of 1.5 pg/g for all samples. These findings are significant because all samples 
reported that the average values of boron are higher than the ORNL SPV value of 0.5 
pg/g except Granite Reef Dam (0.46 pg/g) and Tempe Town Lake (0.39 pg/g).
Inspection of the graphs for the environmentally available boron depict that 
concentrations of boron are generally higher downstream of weirs. This correlates with a
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higher BET surface area of samples located downstream of weirs. Concentrations in 
supernatant samples also increase in the downstream direction after the McClintock weir 
upstream sample. The samples with the highest concentrations of boron also are the 
samples with the highest BET surface area. These patterns and trends are consistent with 
data seen in statistical analysis.
Supernatant from each sample was also analyzed for boron concentrations. 
Concentrations ranged from 0.22 mg/L to 0.75 mg/L with an average concentration of 0.4 
mg/L. Results are reported in Figures 24, 25, and Table 24. These values were compared 
to water quality data from previous studies. All supernatant samples were separately 
analyzed three times to track the consistency of the data. The percent variance in 
supernatant samples returned values for boron ranging from 0.1% to 15% with an average 
variance of 3.5%. The percent variance of known values used as standards ranged from 
0.1% to 10% with an average variance of 1.4%.
Boron Supernatant Concentration (mg/L)
0.800
0.700
0.600
0.500
0.400
0.300
0.200
0.100
0.000
0
m
/ ^ ' / / / / /
Figure 24. Boron supernatant concentrations (mg/L)
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Boron Supernatant Concentrations (mg/L)
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Figure 25. Boron supernatant concentrations for weir samples only (mg/L)
Water quality monitoring by the USGS NWIS has shown boron surface water 
concentrations in the Salt River, as discussed in Chapter 1 (Table 25). All water samples 
from this study had values higher than those reported by the USGS water quality survey 
samples. This may be partially explained by the fact that the USGS sampling site is above 
the Granite Reef Dam sample and outside the study area of this particular study and 
different factors may be responsible for the boron concentrations in this study being twice 
to four times more concentrated.
Elemental extractions were also considered using a calculated partition coefficient 
(Kc) for each sample site. Kc values were normalized by surface area. Returned values 
ranged from 1.15 L/m^ to 3.33 L/m^ (Table 26).
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Table 24. Boron supernatant concentration (mg/L)
Boron Supernatant Concentration (mg/L)
Granite Reef Dam 0.315
Dobson Drain 0.224
McClintock Weir Upstream 0.758
McClintock Weir Downstream 0.339
Tempe Town Lake 0.366
24th Street Weir Upstream 0.313
24th Street Weir Downstream 0.378
19th Avenue Weir Upstream 0.317
19th Avenue Weir Downstream 0.357
91 St Avenue WWTP 0.379
Avondale Weir Upstream 0.379
Avondale Weir Downstream 0.500
El Rio 0.588
Table 25. Surface water concentrations of boron (pg/L)
Boron surface water concentrations
(hg/L)
USGS Water Quality Samples
Salt River near Coon Bluff (above
Granite Reef Dam Sample Site) -  May 120
1999
Table 26. Boron partition coefficients (L/m^)
Boron Partition Coefficients (L/m^).
Granite Reef Dam 1.17
Dobson Drain 1.39
McClintock Weir Upstream 1.46
McClintock Weir Downstream 133
Tempe Town Lake 1.15
24th Street Weir Upstream 1.17
24th Street Weir Downstream 293
19th Avenue Weir Upstream 1.34
19th Avenue Weir Downstream 2.06
91 St Avenue WWTP 2.18
Avondale Weir Upstream 2.01
Avondale Weir Downstream 1.78
El Rio 1.79
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Phosphorus
The extracted environmentally available phosphorus concentrations ranged from 
169.95 to 397.89 mg/kg for all samples. The results are shown in Figures 26, 27, and 
Tables 27, and 28.
All sediment samples were separately analyzed twice to estimate the consistency and 
quality of the data. The percent variance in sediment samples returned values ranging 
from 9% to 50% with an average variance of 19%. The spike recovery checks analyzed 
along with the samples as described in Chapter 3 methods section under QA/QC ranged 
from 76% to 91% with an average 79% return. The percent variance of known values 
used as standards ranged from 0.2% to 18% with an average variance of 7%.
Phosphorus Sediment Concentration (pg/g)
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Figure 26. Phosphorus sediment concentrations (pg/g)
67
Phosphorus Sediment Concentration (pg/g)
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Figure 27. Phosphorus sediment concentrations weirs only (pg/g)
Table 27. Phosphorus sediment concentrations (pg/g)
Phosphorus Sediment Concentration (pg/g)
Granite Reef Dam 210
Dobson Drain 200
McClintock Weir Upstream 231
McClintock Weir Downstream 278
Tempe Town Lake 195
24th Street Weir Upstream 221
24th Street Weir Downstream 256
19th Avenue Weir Upstream 170
19th Avenue Weir Downstream 219
91st Avenue WWTP 174
Avondale Weir Upstream 199
Avondale Weir Downstream 206
El Rio 414
6 8
Table 28. Phosphorus sediment concentrations weirs only (pg/g)
Phosphorus Sediment Concentration (pg/g)
Upstream Sample Downstream Sample
McClintock Weir 231 278
24th Street Weir 221 256
19th Avenue Weir 170 219
Avondale Weir 199 206
Three statistical analyses were performed on the phosphorus data as described in the 
Elemental Data Evaluation Methods section in Chapter 3. The first analysis was an 
ANOVA analysis comparing weirs to each other. This analysis involved grouping all 
phosphorus data for a weir together (up and downstream samples) to determine if there 
was any statistical difference between the weirs. The ANOVA results showed that there 
were no significant differences F(3,39) = 0.833, P = 0.485.
The second statistical analysis was an independent t-test comparing all phosphorus 
data for samples collected upstream of weirs to samples collected downstream, to 
determine if there was a significant difference between the two groups. The test showed 
that at the 95% confidence level the upstream values for phosphorus were not 
significantly different from the downstream values T(38)=1.533, P=0.133. This suggests 
that the weirs are not affecting the distribution of phosphorus in the stream.
The third statistical analysis was an independent t-test comparing phosphorus data 
from the upstream of weirs to the downstream of weirs individually, to determine if there 
was a significant difference between upstream and downstream values for each weir. The 
test showed that there was no significant difference between upstream and downstream 
values for the phosphorus data collected, McClintock weir T(8)=0.526, P=0.613, 24* 
Street weir T(8)=0.283, P=0.784, 19* Avenue weir T(8)=l.284, P=0.235, and Avondale
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weir T(8)=0.860, P=0.415. These results indicate that phosphorus concentrations are not 
affected significantly by the weirs in the urban areas of the Salt River, Arizona.
Inspection of the graphs for the environmentally available phosphorus reveal that for 
sediment concentrations of phosphorus each sample that is downstream of a weir is 
higher than the corresponding upstream sample. This correlates with a higher BET 
surface area of samples located downstream of weirs. The graphs visually show a trend of 
downstream weir samples potentially being sinks for boron; as after each downstream 
sample is seen low values that steadily increase to the next downstream sample followed 
by the sample decrease after the downstream sample. These patterns and trends are 
consistent with data seen in statistical analysis.
Supernatant from each sample was also analyzed for phosphorus, using UV-VIS 
methods as outlined in Chapter 3. Concentrations ranged from 1.87 pg/L to 33.75 pg/L 
with an average concentration of 8.60 pg/L. Results are reported in Figure 28, 29, and 
Table 29. These values were compared to water quality data from previous studies. All 
supernatant samples were separately analyzed two times to assess the consistency of the 
data. The percent variance in supernatant samples returned values for phosphorus ranging 
from 0% to 30% with an average variance of 14%. The spike recovery checks analyzed 
along with the samples as described in Chapter 3 methods section under QA/QC ranged 
from 76% to 91% with an average 79% return. The percent variance of known values 
used as standards ranged from 0.2% to 18% with an average variance of 7%.
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Phosphorus Supernatant Concentration (pg/L)
25
Figure 28. Phosphorus supernatant concentrations (pg/L)
Phosphorus Supernatant Concentrations (pg/L)
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Figure 29. Phosphorus supernatant concentrations for weir samples only (pg/L)
71
Table 29. Phosphorus supernatant concentrations (pg/L)
Phosphorus Supernatant Concentration (pg/L)
Granite Reef Dam 5.0
Dobson Drain 5.0
McClintock Weir Upstream 3.1
McClintock Weir Downstream 1.8
Tempe Town Lake 3.7
24th Street Weir Upstream 4.3
24th Street Weir Downstream 20.0
19th Avenue Weir Upstream 13.7
19th Avenue Weir Downstream 12.5
91 St Avenue WWTP 2.5
Avondale Weir Upstream 2.5
Avondale Weir Downstream 3.7
El Rio 33.7
Prior studies by the USGS NWIS have shown phosphorus values for surface water 
and sediment samples as seen in Table 30 and Table 31, and discussed in Chapter 1. 
Physicochemical characterization properties of these sediment samples are not known, so 
only general comparisons can be made to data from this study. This study reported 
sediment concentrations of phosphorus ranging from 169.95 to 397.89 pg/g compared to 
670 pg/g and 1400 pg/g reported in the USGS NWIS study. The samples from this study 
near the sites of the USGS NWIS are 221 pg/g and 256 pg/g compared to 670 pg/g. 
Phosphorus concentrations for sediment samples reported by the USGS NWIS are higher 
than samples reported in this study but differ by less than an order of magnitude.
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Table 30. Sediment phosphorus concentrations reported from previous studies (pg/g)
Phosphorus sediment
concentrations (mg/kg)
USGS Water Quality Samples
Salt River at 35th Avenue -  
June 1993
Salt River at 24th Street - June 
1993
1400
670
Table 31. Surface water phosphorus concentrations from previous studies (mg/L)
Phosphoms surface water uSGS Water Quality Samples
concentrations (mg/L) j
Salt River near Coon Bluff (above
Granite Reef Dam Sample Site) - 0.04
May 1999 
Salt River at Alma School Rd
(Dobson Drain Sample Site) - 0.14
January 1995 
Salt River at Alma School Rd
(Dobson Drain Sample Site) - 0.52
February 1995 
Salt River at 27th Avenue -  July 
1998
Salt River at 24th Street - August 
1992
Salt River at 24th Street - September 
1992
0.66
0.08
0.03
Elemental extractions were also considered using a calculated partition coefficient 
(Kc) for each sample site. Kc values were normalized by surface area. Returned values 
ranged from 2.51 L/m^ to 118.17 L/m^ (Table 32).
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Table 32. Phosphorus partition coefficients (L/m^)
Granite Reef Dam 33.84
Dobson Drain 21.14
McClintock Weir Upstream 83.39
McClintock Weir Downstream 70.23
Tempe Town Lake 55.14
24th Street Weir Upstream 17.46
24th Street Weir Downstream 3.14
19th Avenue Weir Upstream 5.26
19th Avenue Weir Downstream 7.29
91st Avenue WWTP 93.70
Avondale Weir Upstream 118.17
Avondale Weir Downstream 101.80
El Rio 2.51
Selenium
The extracted environmentally available selenium concentrations ranged from 0.116 
to 1.649 pg/g for all samples. The results are shown in Figures 30, 31, and Tables 33, and
34.
All sediment samples were analyzed twice separately to evaluate the quality of the 
data. The percent variance in sediment samples returned values ranged from 3% to 57% 
with an average variance of 19%. The spike recovery checks analyzed along with the 
samples as described in Chapter 3 methods section under QA/QC were 92%, 110% and 
111%. The percent variance of known values from standards ranged from 1% to 4% with 
an average variance of 2%.
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Selenium Sediment Concentrations (pg/g)
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Figure 30. Selenium sediment concentrations (gg/g)
Selenium Sediment Concentration (pg/g)
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Figure 31. Selenium sediment concentrations weirs only (gg/g)
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Table 33. Selenium sediment concentrations (|rg/g)
Selenium Sediment Concentration (pg/g)
Granite Reef Dam 0.1
Dobson Drain 0.3
McClintock Weir Upstream 0.3
McClintock Weir Downstream 0.5
Tempe Town Lake 0.2
24th Street Weir Upstream 0.3
24th Street Weir Downstream 0.7
19th Avenue Weir Upstream 0.4
19th Avenue Weir Downstream 0.4
91st Avenue WWTP 0.2
Avondale Weir Upstream 0.1
Avondale Weir Downstream 0.1
El Rio 1.5
Table 34. Selenium sediment concentrations weirs only (pg/g)
Selenium Sediment Concentration (pg/g)
Upstream Sample Downstream Sample
McClintock Weir 0.3 0.5
24th Street Weir 0.3 0.7
19th Avenue Weir 0.4 0.4
Avondale Weir 0.1 0.1
As usual, three statistical analyses were performed on the selenium data as described 
in the Elemental Data Evaluation Methods section in Chapter 3. The first analysis was an 
ANOVA analysis comparing weirs to each other. This analysis involved grouping all 
selenium data for a weir together (up and downstream samples) to determine if there was 
any statistical difference between the weirs. The ANOVA results showed that there was a 
significant difference F(3,15) = 4.410, P = 0.026. A post hoc tukey analysis showed a 
significant difference between 24̂  ̂Street weir and the Avondale weir.
The second statistical analysis was an independent t-test comparing all selenium data 
for samples collected upstream of weirs to samples collected downstream, to determine if
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there was a significant difference. The test showed a 95% confidence interval there was 
no significant difference, but at a 90% confidence interval there was a significant 
difference T(14)=1.849, P -  0.086.
The third statistical analysis was an independent t-test comparing selenium data from 
upstream of weirs to downstream of weirs, individually, to determine if there was a 
significant difference between upstream and downstream values for each weir. The test 
showed that there was a significant difference between 24* Street’s weirs upstream and 
downstream samples T(2)=4.312, P=0.05, while McClintock weir T(2)=1.512, P=0.270, 
19* Avenue weir T(2)=2.215, P=0.157, and Avondale weir T(2)=0.873, P=0.475 results 
showed no significant difference between upstream and downstream sites.
The ORNL selenium SPV used to determine potential toxicity for plants is 1 pg/g 
(Table 10). Levels of concern and effect reported by Tuttle and Thodal (1998), Table 11, 
for sediment are 1 pg/g, and 4 pg/g, respectively. All samples in this study had selenium 
values below these values, ranging from 0.1 pg/g to 0.7 pg/g, except for the El Rio site, 
where a value of 1.6 pg/g was measured, with an average of 0.4 pg/g for all samples 
(Table 33).
Inspection of the graphs for the environmentally available selenium reveal that, in 
general, samples had higher concentrations of selenium in the sediment when they were 
downstream of a weir rather than upstream, in one case this difference is statistically 
significant. This correlates with a higher BET surface area of samples located 
downstream of weirs. These patterns and trends are consistent with data seen in statistical 
analysis.
Supernatant from each sample was also analyzed for selenium, using ICP-MS
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methods as outlined in Chapter 3. Concentrations ranged from 0 ng/L to 67 ng/L with an 
average concentration of 13.8 ng/L. Results are reported in Figures 32 and 33 and Table
35. These values were compared to water quality data from previous studies. All 
supernatant samples were separately analyzed four times to estimate the consistency of 
the data. The percent variance in supernatant sample values for selenium ranged from 0% 
to 50% with an average of 16%. The percent recovery of known values used as standards 
ranged from 92% to 100 %.
Selenium  Supernatant Concentration (ng/L)
Figure 32. Selenium supernatant concentration (ng/L)
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Figure 33. Selenium supernatant concentration for weir samples only (ng/L)
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Prior studies have also considered groundwater and surface water concentrations of 
selenium (Tables 36 and 37). All supernatant samples for this study ranged from 0 ng/L to 
67 ng/L which are below the reported values for surface and ground water reported in the 
USGS NWIS (1991 to 2002) and Edmonds and Gellenbeck (2002) studies. Both of these 
studies are consistent in that neither had any samples that had more than 24 pg/L of 
reported selenium concentration.
Table 35. Selenium supernatant concentrations (ng/L)
Selenium Supernatant Concentration (ng/L)
Granite Reef Dam 0
Dobson Drain 0
McClintock Weir Upstream 0
McClintock Weir Downstream 0
Tempe Town Lake 0
24th Street Weir Upstream 3.3
24th Street Weir Downstream 67.1
19th Avenue Weir Upstream 65.0
19th Avenue Weir Downstream 19.9
91 st Avenue WWTP 31.5
Avondale Weir Upstream 0
Avondale Weir Downstream 28.6
El Rio 0
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Table 36. Surface water selenium concentrations from previous studies (pg/L) 
Selenium surface water sample sites USGS NWIS Samples
Salt River near Coon Bluff (above Granite .
Reef Dam Sample Site) - May 1999
Salt River at Alma School Rd (Dobson 
Drain Sample Site) - January 1995
Salt River at Alma School Rd (Dobson 
Drain Sample Site) - February 1995 <1
Salt River at 27th Avenue - July 1998 <4
Salt River at 24th Street - August 1992 <2
Salt River at 24th Street - September 1992 <2
Table 37. Groundwater selenium concentrations from previous studies (pg/L) 
Groundwater selenium sample sites Edmonds and Gellenbeck
West Salt River Valley Found in 37% of the samples 0 to 16
3 to 17, Median 10West Salt River Valley Agricultural Land Use Study - February 1998
West Salt River Valley Agricultural 
Land Use Study - August 1997 3 to 24, Median 6
Elemental extractions were also considered using a calculated partition coefficient 
(Kc) for each sample site. Kc values were normalized by specific surface area. Calculated 
values ranged from 0.00 to 0.03 (Table 40).
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Table 38. Selenium partition coefficients (L/m^)
Selenium Partition Coefficients
Granite Reef Dam 0.00
Dobson Drain 0.00
McClintock Weir Upstream 0.00
McClintock Weir Downstream 0.00
Tempe Town Lake 0.00
24th Street Weir Upstream 0.03
24th Street Weir Downstream 0.00
19th Avenue Weir Upstream 0.00
19th Avenue Weir Downstream 0.01
91 st Avenue WWTP 0.01
Avondale Weir Upstream 0.00
Avondale Weir Downstream 0.01
El Rio 0.00
As discussed in the Methods Section, a sequential extraction for separate fractions of 
selenium was planned. However equipment error and malfunction late in the project 
made the feasibility of analyzing these separate fractions not viable.
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CHAPTER 5 
CONCLUSIONS
The main objective of the study was to evaluate the impact of erosion control 
structures on nutrient cycling and metalloid distribution in the Salt River, Maricopa 
County, Phoenix, Arizona, to compare these results to previously obtained data from the 
similar Las Vegas Wash study, and to determine the applicability of these sampling and 
analytical techniques for other watersheds. The information in this study will help 
determine the extent of interactions between sediments, nutrients, and metalloids in the 
Salt River and will contribute to conceptual models being developed for similar 
interactions in other watersheds.
Analysis of the environmentally available arsenic in the sediment samples revealed 
that all samples were below the concern level (Table 9) and ORNL plant SPV (Table 8), 
which are 33 ppm and 10 ppm, respectively. The only sample near the ORNL plant SPV 
was the El Rio sample which had an average concentration of 9.5 ppm, indicating that in 
other areas of the Salt River there is the possibility that concentrations of arsenic in 
sediment are near or above values of concern. The overall average concentration of 
arsenic in sediment was 5.0 ppm, and the median concentration was 5.2 ppm. Samples 
above the average arsenic concentrations are Dobson Drain (5.2 ppm), McClintock weir 
Downstream (5.7 ppm), both 24* Street weir samples (upstream 6.9 ppm and
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downstream 7.2 ppm) both 19* Avenue samples (upstream 6.0, and downstream 5.9), and 
El Rio (9.6 ppm). Higher levels of arsenic concentrations in the sediments are likely a 
result of the arsenic-rich lacustrine deposit in the Verde Formation (Baker et al. 1998). It 
was found that this deposit comprised only 4% of the watershed but contributed more 
than a third of the arsenic loading for the entire watershed.
Analysis of the environmentally available boron in the sediment samples revealed 
that all but two samples had values above the ORNL plant SPV for boron of 0.5 ppm 
(Table 8). The average sediment concentration of boron was 1.5 and the median was 1.0. 
Samples with boron concentrations above the average were McClintock weir downstream 
(2.3 ppm), 24* Street weir downstream (4.5 ppm), 19* Avenue weir downstream (1.7 
ppm) and El Rio (5.1 ppm). As discussed previously, high levels of urban runoff that 
make up a majority of the Salt River’s flow may be contributing to high concentrations of 
boron found in the Salt River.
For phosphorus there are no reported values of concern or SPV values because 
phosphorus is not considered toxic. It does, however, act as a limiting nutrient for most 
plant grown and can be the trigger of eutrophication when it is present in excessive 
amounts. The average concentration of phosphorus in sediment samples was 229 ppm, 
and the median was 210 ppm. Samples with concentrations of phosphorus in the sediment 
above the average include the McClintock weir downstream (278 ppm), 24* Street weir 
downstream (256 ppm), and El Rio (414 ppm). A separate statistical analysis that 
compared all samples collected from the urban area of the Salt River (upper river) to all 
samples collected from areas that were primarily agriculture (lower river), as seen in 
Figure 2, showed no significant difference. This analysis indicates that agriculture alone
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is not responsible for elevated levels of phosphorus. If agriculture were primarily 
responsible for elevated levels of phosphorus in the river, levels of phosphorus would 
have been significantly higher in agriculture areas compared to urban areas. As discussed 
previously, high levels of urban runoff make up a majority of the Salt River’s flow and 
these may be contributing to high concentrations of phosphorus found in the Salt River.
Analysis of the environmentally available selenium in the sediment samples revealed 
that all samples but one were below the values of concern and ORNL plant SPV (4 ppm 
and 1 ppm, respectively). The only sample above the ORNL plant SPV value was El Rio 
(1.5 ppm). The average concentration of selenium in sediments was 0.4 ppm, and the 
median 0.3 ppm. Samples with concentrations of selenium in the sediment above the 
average were McClintock weir downstream (0.6 ppm), 24* Street weir downstream (0.7 
ppm), 19* Avenue weir downstream (.5 ppm), and El Rio (1.5 ppm).
This study didn’t include pH testing of samples at the time of sampling or later in the 
analysis process. Studies done by the USGS NWIS found pH values ranging from 7 to 
8.7 for samples collected within this study’s sampling area. This range of pH values 
doesn’t indicate that pH is likely to have any significant effect on the bonding of 
constituents to sediment.
The first hypothesis was “Arsenic, boron, phosphorus, and selenium concentrations 
will be higher upstream of the actual structures, this is expected because by the law of 
gravity and stokes law heavier particles will settle out first resulting in the majority of the 
sediment volume and the area available for bonding constituents settling before the 
structure rather than after resulting in higher concentrations of arsenic, boron, phosphorus 
and selenium in samples collected before the actual structure.” This hypothesis was not
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supported by the results. It was not supported because of several factors. It was found in 
this study, and seen in others, that the majority of the surface area in samples is found in 
sediment sizes of less than 10 pm (Papelis, 2004). Samples located above erosion control 
structures did have higher percentages of larger volume sediments indicating that larger 
particles did in general settle out of the water column here. This however left the smaller 
particles in the water column to settle out in samples collected after erosion control 
structures. These samples with smaller particles making up the majority of the volume 
had more surface area for the considered constituents to bond to than samples collected 
from upstream of erosion control structures. The finer sediment particles likely settled out 
more frequently downstream of weirs because of more time available to be deposited 
downstream of the weir rather than upstream. This longer time period for finer sediments 
to settle out is potentially due to less flows and more pooled water downstream of weirs 
that were observed at the time of sampling. If a longer holding time for finer sediments to 
settle out of the water column is the key to higher overall concentrations in relation to 
increased surface area this would explain why the Avondale weir upstream sample had a 
higher surface area and often higher concentrations than the downstream sample. This 
weir unlike the three others had an apparently longer holding time above the weir rather 
than below.
Table 39 shows the samples that have higher than average concentrations of arsenic, 
boron, phosphorus, and selenium in sediment samples from this study. The McClintock 
weir downstream, 24* Street weir downstream and El Rio downstream samples are above 
average in all elemental concentrations. In addition, the 19* Avenue downstream samples 
above average in three out of the four elements. These four samples with three or more
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constituents with higher than average concentrations are also samples with BET surface 
areas higher than average (Table 13).
Table 39. Elemental sediment concentrations above mean (p-g/g)
Arsenic Selenium Boron Phosphorus
above above above above
average average average average
(5.0 ppm) (0.4 ppm) (5.1 ppm) (229 ppm)
Granite Reef Dam
Dobson Drain X
McClintock Weir Upstream
McClintock Weir Downstream X X X X
Tempe Town Lake
24th Street Weir Upstream X
24th Street Weir Downstream X X X X
19th Avenue Weir Upstream X
19th Avenue Weir Downstream X X X
91st Avenue WWTP
Avondale Weir Upstream
Avondale Weir Downstream
El Rio X X X X
Becaue higher BET surface areas correlate to higher concentrations of elements I 
performed an additional statistical analysis to compare the concentrations of elements 
normalized by BET surface area for upstream and downstream samples. All 
concentrations for each element were divided by each respective BET surface area and 
then grouped into upstream and downstream sample groups for each individual element. 
Then each element was compared using an independent sample t-test to determine if any 
significant difference occurred between upstream and downstream sample groups. For 
arsenic there was no significant difference T(6)=0.604, P=0.568, for boron there was no 
significant difference T(6)=1.448, P=0.198, for phosphorus there was no significant
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difference T(6)=0.309, P=0.768, and for selenium there was no significant difference 
T(6)=1.000, P=0.356. These results lend support to the influence of BET surface area on 
overall concentration of elements in sediment samples.
Considering the mineralogy of the samples (Table 12) it is seen that the three of the 
four samples with three or more elemental concentrations above average had higher than 
average concentrations of biotite and calcite, which have higher surface areas and 
porosity than quartz and feldspars. Two of the four samples with higher than average 
concentrations of at least three of four elements also had lower than average 
concentrations of quartz in their mineralogy. These results indicate that particle 
morphology and mineralogy factors correlate well with metalloid and nutrient 
concentrations in the sediments of these environments.
The second hypothesis was “Concentrations of arsenic, boron, phosphorus, and 
selenium will increase as water moves down stream because the total mass of these 
constituents available will increase in the downstream direction as additional sources of 
water carrying constituents are input into the river; when water does flow the entire 
length of the channel it will carry constituents in both the aqueous and sediment phase 
downstream.” This hypothesis was not support by the results. Considering Figures 20 to 
33 it is apparent that for sediment or supernatant concentrations of any element there is 
no continual increase as water moves downstream. The reasons that there is no overall 
continual increase in the downstream direction is likely due at least it part to the samples 
sites overall not being interconnected on a regular basis. The Salt River is regularly dry in 
many reaches and sections that have water are not directly connected to others. 
Additionally, because of the lack of interconnectivity sources of water that input into the
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Salt River carrying constituents cannot be carried the length of the river. With the low 
average flow rate of 10 cfs sediments carrying constituents on average will have longer 
periods of time to settle out of the water column.
The third hypothesis was “Concentrations of arsenic, boron, phosphorus, and 
selenium will correlate with sediment characteristics present at each sample site, 
specifically to sediment surface area and mineralogy, because physicochemical 
characteristics are the primary factors determining what types and concentrations of 
constituents will be able to bond to individual sediments.” This hypothesis was supported 
by the results. As discussion of the first hypothesis indicates higher BET surface area is 
correlated to higher concentrations of the considered constituents. Also correlated to 
higher concentrations of the considered constituents was the presence of biotite in the 
mineralogy. It is seen that the sediment characteristics have a direct correlation to the 
concentrations of constituents. This finding though not unexpected is important to the 
understanding of the deposition of nutrients and metals in a watershed.
The fourth hypothesis was “Arsenic, boron, phosphorus, and selenium deposition 
patterns will be consistent with results from the Las Vegas Wash study because despite 
different background geology, and river characteristics, erosion control structures will 
affect function similarly in both the Las Vegas Wash and the Salt River having similar 
effects on the distribution of sediments and the constituents connected to them.” This 
hypothesis was found to be supported by the results.
The techniques used in this study were previously used by Boettcher (2007) in the 
previous Las Vegas Wash study and were applicable here. Overall, the only lack of 
applicability was in identifying which elements were of concern for the area of the Salt
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River vs. the Las Vegas Wash. As discussed previously, the connection of sediment 
characterization to concentrations of elements or other constituents of concern is directly 
related. The detailed sediment characterization will allow the most accurate comparison 
and correlation of results from this study to the Las Vegas Wash Study. Further 
comparisons between the Salt River and the Las Vegas Wash or any other watershed are 
difficult because of differences in geology, hydrology, and human interactions. A primary 
difference between these two studies is the continuity of flow. The Las Vegas Wash flows 
continually while the Salt River flows irregularly and only occasionally will water flow 
through its entire reach with out sections of the river being dry. The erosion control 
structures present in the Las Vegas Wash are of multiple designs while those in the Salt 
River are of one design. The distances between the erosion control structures in the Salt 
River are far greater, the closest being 4.5 miles apart while this distance is almost half 
the length of the area of the wash where weirs are located. An area of limitation is the 
ability to only consider four nutrients and metalloids when there are many other 
chemicals and elements of concern for the Salt River. These were not considered because 
of time, budget, and facilities limitations.
The comparison of these studies was useful because it identifies similar patterns of 
nutrient and metal distributions related to sediment characteristics present in two very 
different watersheds. In both studies, samples with higher than average surface area, 
higher percentages of biotite and calcite, and sometimes lower percentages of quartz, and 
those that were located directly downstream of weirs had higher than average 
accumulation of arsenic, boron, phosphorus, and selenium. As mentioned previously the 
similarities seen in both studies occurred despite both areas having unique geologic,
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hydrologie, and human interaction backgrounds. This indicates that despite differences 
seen in both watersheds, the same factors that affect the distribution of metals and 
nutrients are seen to be present in both.
One addition to the discussion of the fourth hypothesis is that while deposition 
patterns were similar and found to be related by the same factors of sediment 
characteristics these factors may not be present only in relation to effects of erosion 
control structures in watersheds. This may be supported by the data surrounding the El 
Rio Sample site. This sample was similar to samples found downstream of weirs in being 
higher in concentrations of the considered constituents, having a higher surface area than 
average, and having part of its mineralogy being made up of biotite. It was also similar to 
samples collected downstream of weirs in that it generally only had smaller particles 
available to be deposited at the sample site because it is a low spot in the river and unless 
flow rates are high enough water will not flow past the site, leaving water to infiltrate or 
evaporate, resulting in an extended period of time for finer sediments to settle out. 
Comparing the El Rio site to grade control downstream samples presents the possibility 
that time available for sediments to settle and remain settled may be a more important 
factor than the effect of grade control structures when considering potential toxicological 
or environmental effects.
From this study we can conclude that erosion control structures can affect the 
distribution of metals and nutrients in the Salt River. This was also seen to be the case in 
the Las Vegas Wash study (Boettcher, 2007). Perhaps of more importance than the actual 
effect of erosion control structures on the distribution of nutrients and metals in the Salt 
River is the fact that physicochemical characteristics seen in sediments are correlated to
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concentrations of nutrients and metalloids. Understanding this implies that any factor that 
influences sediment characteristics and how those characteristics are distributed in a 
watershed will influence where nutrients and metalloids are found.
Overall, the activities in the Salt River that influence the distribution and movement 
of sediments will likely have an influence on the concentrations of elements of potential 
concern present. The river channel has been used historically as a dump site for many 
types of waste (13 EPA superfund sites are located in the Salt River), and as a prime 
location for sand and gravel operations with several currently located on and within its 
banks adding additional sediment to the river from outside its natural banks. The variety 
of surface water and groundwater entering the river from a large and diverse urban and 
agricultural area will also have a significant effect on the concentrations of elements in 
the sediments of the Salt River. The regular discontinuity of flow through the Salt River 
is important to consider when trying to understand what factors are at work. The Salt 
River is a dynamic system significantly affected by human actions and has changed 
constantly for hundreds of years. Continued monitoring of this system is highly 
recommended to understand more clearly the current changes taking place and the areas 
of concern. The results of this study are only a snapshot, but they clearly show the 
relevance of sediment characterization in the monitoring of nutrient and metalloid 
distribution in watersheds of the arid and semi-arid regions of the world.
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